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Abstract 

Fiscal  legislation  dictates  the  prudent,  yet  effective 
and  efficient  use  of  government  funds  for  Department  of  the 
Air  Force  programs.  Much  attention  has  focused  on  the 
increased  cost  of  weapon  systems  and  on  providing  an 
accurate  track  of  total  weapon  systems  costs.  Sophisticated 
data  collection  systems  such  as  the  Visibility  and 
Management  of  Operating  Support  Cost  (VAMOSC)  system  have 
been  created  to  help  track  these  costs. 

Currently,  supply  and  accounting  computer  systems  do 
not  fully  capture  the  costs  of  aircraft  supply  issues  by 
mission,  design,  and  series  (MDS)  aircraft.  Therefore,  a 
cost  allocation  procedure  is  used  to  charge  the  costs  of 
common  items  (bench  stock)  to  specific  aircraft  by  using  a 
ratio  involving  maintenance  man-hours. 

This  research  investigates  the  relationship  between 
unallocated  base  maintenance  supplies  (BMS)  cost  and  several 
potential  cost  drivers  using  regression  analysis.  The  study 
identifies  the  key  relationship  that  drives  cost  and 
incorporates  this  knowledge  into  the  allocation  algorithm. 
Data  for  this  study  come  from  a  stratified  sample  of  flying 
training  aircraft  in  Air  Training  Command.  Eight  bases  are 
used  reporting  data  for  primary  aircraft  authorized  (PAA), 
sorties,  maintenance  man-hours,  flying  hours,  and  direct  BMS 
costs  for  FY  84-86. 


In  answering  the  research  questions,  relevant 
literature,  expert  opinion,  and  3  priori  judgment  were  used 
to  select  potential  cost  drivers.  Then  a  regression  model 
was  derived  and  statistically  tested  for  linearity,  strength 
of  association,  and  aptness. 

The  derived  model  indicated  the  best  relationship 
between  the  given  variables  and  unallocated  BMS  cost 
occurred  when  PAA  is  used.  Empirical  evidence  is  given  to 
refute  the  u.se  of  maintenance  man-hours  in  an  allocation 
algorithm. 

In  the  conclusion,  a  sample  allocation  calculation 
using  PAA  and  maintenance  man-hours  is  provided  for 
comparison.  Also,  recommendations  are  made  for  future  study 
and  a  comprehensive  three  month  review  of  BMS  issues  is 


suggested. 


AN  ALTERNATIVE  METHOD  FOR  ALLOCATING  BASE  MAINTENANCE 
SUPPLIES  TO  MISSION.  DESIGN,  AND  SERIES  AIRCRAFT 
IN  THE  UNITED  STATES  AIR  FORCE 


I .  Introduction 


general  Issue 

Historically,  cost  factors  have  oeen  used  by 

Comptroller  activities  to  estimate  the  cost  of  resource 

requirements,  including  budgets  and  life  cycle  costs,  for 

United  States  Air  Force  (USAF)  programs.  The  National  Esti 

mating  Society's  Dictionary  of  Cost  Estimating  Terms  and 

Phrases  defines  a  cost  factor  as: 

A  cost  estimating  relationship  (CER)  in  which  the  cost 
is  indirectly  proportional  to  a  single  independent 
variable.  A  brief  arithmetic  expression  wherein  cost 
is  determined  by  application  of  a  factor  such  as 
percent,  e,g.,  initial  spares  percent,  general  and 
administrative  percentage,  or  a  ratio  as  in  pay  and 
allowance  cost  per  man  year  [32:41]. 

As  used  in  this  thesis,  cost  factors  are  classified 

into  two  types:  budget  year  and  life  cycle.  Differentiation 

between  budget  year  and  life  cycle  costs  and  cost  factors 

will  become  apparent  as  this  research  is  developed. 

Currently,  Hq  USAF  officially  computes  and  publishes  cost 

factors  on  at  least  an  annual  basis.  The  factors  are 

governed  by  Air  Force  Regulation  (AFR)  173-13,  USAF  Cost  an( 

Planning  Factors .  under  the  direction  of  the  Cost  Program 

Division,  Air  Force  Directorate  of  Cost  (Hq  USAF/ACC).  A 
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second  organization  actively  involved  in  the  cost  factor 
business  is  the  Cost  and  Economic  Analysis  Division, 
Directorate  of  Comptroller  Support,  Air  Force  Accounting  and 
Finance  Center  (AFAFC/CWM) .  It  is  responsible  to  Hq 
USAF/ACC  for  developing  specifically  identified  cost 
factors.  This  activity  has  been  moved  to  the  Pentagon. 

Recently,  the  development  and  use  of  cost  factors  have 
come  under  close  scrutiny  by  Hq  USAF  Comptroller  officials 
due  primarily  to  increased  emphasis  on  accurate  budget  and 
program  estimates.  During  the  6-10  October  1985  planning 
conference  directed  by  Lieutenant  General  Truman  Spangrud, 
then  Comptroller  of  the  Air  Force,  an  update  was  made  to  t,he 
Comptroller  Long  Range  Objectives  and  Strategies  Plan  (AC 
90).  One  of  the  action  items  validated  was  an  initiative  to 
upgrade  the  Visibility  and  Management  of  Operating  Support 
Cost  (VAMOSC)  program  ( VAMOSC  will  be  explained  later  in 
this  thesis)  in  order  to  identify  the  cost  of  base 
maintenance  supplies  at  the  mission,  design,  series  (MDS) 
level  of  detail  to  support  cost  factor  development  (42:1-2). 
During  AC  90 ’ s  validation  and  approval  process,  every  Major 
Air  Command  (MAJCOM)  comptroller  and  director  of  cost  had  to 
concur  with  the  action  items  which  were  to  be  retained  in 
the  AC  90  plan.  Thus,  by  allowing  the  VAMOSC  upgrade 
initiative  to  be  included  in  the  plan,  our  senior 
comptroller  officials  not  only  endorsed  its  validity,  but 
also  indicated  that  this  effort  is  important  to  improving 
the  base  maintenance  supplies  ( BMS )  cost  factors. 
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According  to  AFR  173-13,  the  BUS  factors  "measure 
expendable  supplies  directly  associated  with  the  flying 


mission  (such  as  nuts,  bolts,  small  tools,  ground  fuel,  and 
aviation  fuel  for  other  than  flying  purposes)"  (19:3-4). 

The  action  officer  responsible  for  the  BMS  cost  factors  is 
Lieutenant  Colonel  John  M.  Wallace,  Chief  of  the  USAF 
Logistic  Factors  Team,  Hq  AFAFC/CWM.  Based  on  an  interview 
with  Lt  Col  Wallace,  BMS  cost  factors  need  to  be  reviewed  to 
determine  if  they  can  meet  a  desired  level  of  accuracy  and 
to  validate  the  cost  allocation  procedure  used  in  computing 
these  cost  factors  (42). 

Specific  Problem 

In  a  letter  to  the  Air  Force  Institute  of  Technology, 

Lt  Col  Wallace  wrote  that  approximately  20  to  30  percent  of 
BMS  expenditures  cannot  be  specifically  identified  to 
specific  Mission,  Design,  and  Series  (MDS)  aircraft  (e.g., 
C-130E,  B-52H)  when  parts  are  issued  to  maintenance 
organizations  from  base  supply  activities  (42).  The  problem 
lies  in  the  current  base  supply  issue  procedures. 

Generally,  purchases  or  issues  of  supplies  used  for  the 
maintenance  and  repair  of  base  level  activities  are 
accounted  for  by  organization.  Subsequently,  financial 
reports,  which  summarize  supply  expenditures,  are  produced 
periodically.  However,  for  aircraft  maintenance  there  are 
two  issue  procedures. 


First,  some  supply  items  are  ordered  for  specific 
aircraft  by  tail  number  or  other  identifier/accounting  code 
(In  fact,  some  cost  factors  require  calculations  using  data 
that  has  been  maintained  by  type  of  aircraft).  These  supply 
items  are  recorded  directly  into  the  Air  Force’s  general 
accounting  system  thereby,  allowing  a  cost  track  of  supplies 
by  aircraft. 

In  the  second  issue  procedure,  other  aircraft  parts, 
like  common  screws,  bolts,  and  small  tools  (commonly 
referred  to  as  bench  stock),  are  ordered  and  issued  to  a 
central  supply  activity  within  the  aircraft  maintenance 
organization.  In  turn,  the  maintenance  organization  merely 
hands  out  the  parts  to  mechanics  as  needed  for  aircraft 
repair.  These  supply  items  cannot  be  traced  to  specific 
aircraft  using  the  accounting  system  as  it  works  today. 

Since  it  is  desirable  to  maintain  cost  information  on 
aircraft  by  specific  type  or  MDS,  this  procedure  of 
centrally  stocking  certain  supply  items  in  the  organization 
leads  to  a  somewhat  incomplete  capturing  of  cost  by  MDS  in 
the  financial  reports.  It  further  results  in  the  use  of  a 
cost  allocation  procedure  to  charge  the  centrally  stocked 
items  to  each  MDS  when  the  BMS  cost  factor  is  developed. 

Currently,  BMS  costs  are  allocated  to  MDS  aircraft 
based  on  maintenance  man-hours  (MMH)  used  for  repair.  Lt 
Col  Wallace  has  "no  idea  if  using  MMH  is  a  valid  (and 
hopefully  accurate)  procedure  to  allocate  base  maintenance 
supplies  or  if  there  are  better  allocation  procedures  which 
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more  closely  approximate  the  actual  consumption"  of 
maintenance  supplies  (42:2). 

The  purpose  of  this  research  is  to  identify  and  test 
various  methods  for  allocating  the  unallocated  BMS  costs  and 
recommend  to  the  Air  Force  an  allocation  procedure  which 
reflects  the  best  underlying  consumption  pattern  by  MDS 
aircraft. 

SgQ.P^ 

This  research  will  be  limited  to  a  review  of  selected 
aircraft  assigned  to  Air  Training  Command.  Additionally, 
Fiscal  Years  1984-86  data  on  both  aircraft  and  base 
maintenance  supplies  costs  will  be  used.  Although  this  will 
limit  the  generalizability  of  the  results  of  this  research, 
the  results  will  still  be  of  value  for  the  specific  aircraft 
used  and  should  provide  insight  into  the  appropriate 
allocation  procedures  to  be  used  for  other  aircraft. 

Justification  tox  Research 

There  are  several  reasons  for  conducting  this  research. 
First,  cost  growth  has  become  a  significant  factor  which  the 
Department  of  Defense  (DOD)  must  control.  This  can  be 
illustrated  with  a  simple  cost  comparison  between  the  P-38, 
a  World  War  II  fighter  aircraft,  and  the  relatively  new  F-16 
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In  a  videotape  demonstrating  the  capabilities  of  the 
Visibility  and  Management  of  Operating  and  Support  Cost 
system,  the  following  information  was  presented: 


P-38 


F-16 


$  28,000 

Engine 

$1,959,000 

68,000 

Airframe 

3,936,000 

4,000 

Electronics 

1,739,000 

15,000 

Other  Systems 

567,000 

$115,000 

$8,201,000 

The  information  above  shows  that  a  fighter’s  cost  today 
is  over  71  times  the  cost  of  a  World  War  II  fighter  (40). 
Granted,  the  comparison  is  somewhat  oversimplified;  yet,  it 
graphically  emphasizes  the  increased  costs. 

One  way  to  help  control  costs  is  by  upgrading  the 
systems  used  to  track  or  collect  costs.  This  way  management 
can  better  monitor  costs  and  help  control  cost  growth. 
Currently,  USAF  weapon  system  costs  are  collected  by  the 
VAMOSC  system.  Item  number  4al02  is  an  initiative  in  the  AC 
90  action  plan  specified  to  help  improve  the  VAMOSC  system 
so  that  all  costs  associated  with  weapon  systems  are 
accounted  for.  The  completion  of  this  action  item  will 
allow  for  total  automation  of  the  BMS  cost  factor  develop¬ 
ment  and  eliminate  the  need  to  allocate  costs.  Since  the 
VAMOSC  initiative  proposed  a  fix  for  a  large,  complex 
automated  system,  the  BMS  allocation  procedure  must 


continue  until  the  action  item  is  completed.  Therefore,  a 
review  of  this  procedure  is  both  logical  and  necessary. 

Preliminary  research  indicates  the  validity  of  using 
maintenance  man-hours  (MMH)  to  do  cost  allocations  is  in 
question.  The  question  is  based  on  several  critiques  and 
comments  found  in  government  reports  and  correspondence, 
remarks  obtained  from  a  variety  of  interviews  with  military 
experts,  civilian  research  center  findings,  and  contemporary 
business  literature.  Concerns  and  criticisms  are  addressed 
specifically  in  Chapter  III,  Literature  Review.  An 
underlying  purpose  of  this  thesis  is  to  analyze  the  MMH 
concept  for  allocations  and  determine  its  validity  for  use 
in  other  cost  allocations. 

Given  the  knowledge  that  the  BMS  cost  factor  is  often 
the  basis  for  funds  distributions  or  estimates  of  future 
base-level  aircraft  maintenance  costs  and  life  cycle  costs 
of  developing  systems,  the  accuracy  and  validity  of  cost 
factors  is  extremely  important.  Improper  budget  allocations 
for  maintenance  supplies  to  Strategic  or  Tactical  Air 
Command  based  on  a  20  to  30  percent  error  in  the  BMS  cost 
factor  could  lead  to  an  unnecessary  fiscal  "belt 
tightening.  This  could  impair  the  ability  to  surge  or 
sustain  our  involvement  in  protracted  contingencies. 

Beyond  these  points,  Lt  Col  Wallace  believes  this 
research  may  make  "an  invaluable  contribution  to  the  Air 
Force  Cost  Analysis  Program"  (42). 


A  final  comment  on  the  benefit  of  this  research  is 


based  on  a  specific  responsibility  of  the  Chair  of  the  Cost 
Analysis  Improvement  Group  (CAIG).  According  to  Department 
of  Defense  Regulation  (DODR)  5000.39,  the  Chair  of  the  CAIG 
"shall  issue  guidance  for  military  service  programs  to 
improve  cost-estimating  techniques  and  data  bases"  (20:6). 
This  thesis  is  totally  dedicated  tow/.rd  this  objective. 

Assumptions 

In  order  to  conduct  this  research,  these  assumptions 
were  made : 

1.  There  is  some  systematic,  measurable 
relationship  between  weapon  system  flying  hours,  sorties 
flown,  primary  authorized  aircraft,  maintenance  man-hours, 
direct  costs,  and  the  costs  which  have  to  be  allocated. 

2.  Some  of  these  factors  (herein  called  cost 
drivers)  will  have  a  greater  impact  on  unallocated  costs 
than  others. 

3.  The  relationship  between  the  unallocated 
costs  and  the  cost  drivers  is  expected  to  be  positive  and 
can  be  expressed  algebraically. 

4.  The  model  believed  to  properly  reflect  the 
consumption  pattern  for  supplies  is  a  regression  model. 

Note  that  this  premise  will  be  tested  in  the  research. 

I  5.  Regression  analysis  of  the  specific  form 

following  the  first-order  regression  model  for  more  than  tw 
independent  variables  will  be  used 


6.  The  unallocated  costs  are  assumed  to  exhibit 


the  relationships  and  properties  of  a  linear  regression 
model  of  the  form  (or  some  variant  thereof): 


ubms 


^0  "  ^^fh  "  ^2Xpaa  ^  ^S^sf 


+  b.X  ,  +  beX,,  ■! 
4  mmh  5  dbms 


where 


Y 


ubms 


unallocated  aircraft  maintenance  supplies  costs 
by  base 


bQ ,  b. ,  b2 I  b^ ,  b . ,  and  b^  are  parameters  to  be 
determined  by  solving  the  model 


X 


fh 


a  known  constant  representing  flying  nours  oy 
base 


X  =  a  known  constant  representing  primary 

authorized  aircraft  by  base 

X  -  =  a  known  constant  representing  sorties  flown  by 

base 


X 


mmh 


a  known  constant  representing  maintenance  man¬ 
hours  by  base 


Xdbms  ~  ^  known  constant  representing  direct  maintenanc 
costs  that  are  charged  to  specific  aircraft 


7.  The  results  of  the  regression  analysis  wil^ 
help  determine  the  basis  for  allocating  the  unallocated  BMo 
costs . 


Research  Questions 

The  following  questions  will  be  answered  in  this 
thesis 

1.  How  are  BUS  costs  determined  and  coliecleu 


What  makes  up  the  unallocated  BMS  costs'!' 


2.  What  procedure  is  currently  used  to  allocate 


BMS  costs  to  specific  MDS  aircraft? 

3.  What  parameters  besides  maintenance  man-hour 
might  be  used  to  allocate  BMS  costs? 

4.  What  testing  procedures  will  be  used  to  help 
identify  a  statistically  significant  cost  allocation  method 
for  BMS  costs? 

Thesis  Orfi^nisatipn 

Chapter  I  of  this  thesis  has  introduced  the  research 
problem,  defended  its  utility,  narrowed  its  scope,  stated 
the  key  assumptions,  specified  research  questions,  and 
summarized  the  organization  of  this  thesis.  Pertinent 
background  information  concerning  complex  concepts, 
assumptions,  and  actions  associated  with  this  thesis  are 
found  in  Chapter  II,  while  a  review  of  the  literature 
associated  with  this  treatise  is  at  Chapter  III. 
Subsequently,  Chapter  IV  provides  the  methodology  used  ro 
collect  and  analyze  the  research  data.  Then,  the  findings 
and  statistical  analyses  used  in  this  effort  are  documented 
in  Chapter  V.  Finally,  conclusions  and  recommendations 
based  on  this  thesis  plus  proposals  for  follow-on  studies 
are  presented  in  Chapter  VI. 


Prior  to  reviewing  the  literature  for  similar  research 


and  significant  findings  that  may  be  germane  to  this 
project,  it  is  important  to  develop  some  background  to  help 
explain  the  more  complex  areas,  assumptions,  and  actions 
related  to  this  research. 


Cost  Qb  iectives  and  Direct  Charges 

A  discussion  of  cost  objectives  and  direct  charges  is 
helpful  for  reader  comprehension  of  the  concepts  developed 
in  this  thesis.  Fultz  describes  cost  objectives  and  the 
role  of  management  in  establishing  these  objectives. 
According  to  Fultz: 

A  cost  objective  is  any  function  for  which  cost  is 
accumulated.  The  decision  to  establish  cost  objectives 
is  "iiade  by  management  based  on  its  need  for  summarized 
cost  information.  However,  decisions  about 
establishing  cost  objectives  are  greatly  influenced  by 
the  cost  and  time  required  to  obtain  this  cost 
information . 

Cost  objectives  are  classified  according  to 
management’s  use  of  the  information.  Two  broad 
classifications  are  output  cost  objectives  and 
organizational  cost  objectives.  Examples  of  output 
cost  objectives  are  products,  client  contracts,  and 
other  management  projects...  Examples  of  organizational 
cost  objectives  are  plants,  offices,  departments, 
branches,  or  cost  centers. 

...A  direct  charge  is  one  that  is  incurred  for  a 
specific  cost  objective.  The  charges  must  be 
positively  related  to  that  cost  objective,  and  the  cost 
objective  must  receive  specific  benefit  for  the  cost 
incurred  [26:2-.3]. 


Fultz  also  gives  an  example  that  is  somewhat  analogous 
to  this  effort. 

If  one  considers  the  manufacture  of  an  easy  chair, 
it  is  clear  that  both  labor  to  fabricate  the  frame  and 
labor  to  cover  the  frame  with  fabric  are  direct  costs 
(direct  labor).  Likewise,  the  wood  in  the  frame  and 
the  material  to  cover  the  frame  are  direct  costs 
(material).  But  what  about  the  glue,  tacks,  and 
staples  used  in  the  construction?  These  materials  are 
used  in  the  final  product  as  an  other  direct  charge  - 
if  it  were  easy  to  measure  their  cost  to  the  particular 
product  or  their  cost  could  be  included  in  overhead. . . 

Several  minor  expenses  are  frequently  charged  as 
indirect  expenses  because  of  the  cost  and  difficulty 
associated  with  keeping  records  of  these  costs.  A 
general  rule  to  be  followed  is  that  if  the  cost  of  more 
precise  measurement  is  greater  than  the  benefit 
received,  the  cost  should  be  treated  as  an  indirect  or 
overhead  expense  [26:7]. 

Essentially,  this  research  seeks  to  account  for  these 
indirect  costs  as  they  relate  to  the  cost  objective  called 
aircraft  base  maintenance.  The  focus  is,  on  what  Fultz 
would  call,  an  output  cost  objective.  The  research  is 
complicated  by  the  fact  that  the  Air  Force’s  general 
accounting  system  is  designed  for  use  with  organizational 
cost  objectives.  In  fact,  most  accounting  reports  provide 
accounting  information  by  cost  centers.  In  the  Air  Force, 
these  cost  centers  can  be  summarized  into  reports  for 
installations,  wings,  and  major  air  commands  as  needed. 
Although  there  are  cost  centers  for  specific  aircraft,  the 
actual  process  for  determining  an  aggregate  cost  objective 
such  as  base  maintenance  supplies  by  type  of  aircraft  is  not 
straightforward.  Fultz’  general  rule  on  cost  objectives  and 


indirect  charges,  shown  in  Figure  1,  will  be  useful  in 
conducting  this  thesis. 


Direct 

+ 

Direct 

+ 

Other 

+ 
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Figure  1;  Schematic  of  Fultz’  Rule  for  Cost  Objectives 


Cost  Allocations .  Joint  Costs .  sod  Qommon  Q.os.t.,S 

Three  other  important  accounting  terms  that  will  be 
referred  to  frequently  in  this  thesis  are  cost  allocations, 
joint  costs,  and  common  costs.  Biddle  and  Steinberg  defined 
these  terms  as  follows: 

A  cost  allocation  will  be  defined  here  as  the  efficient 
partitioning  of  a  cost  among  a  set  of  cost  objects. 
Borrowing  a  more  descriptive  term  from  Demski  [1981],  a 
cost  allocation  will  be  required  to  be  tidy,  '  meaning 
that  all  of  a  cost  is  allocated,  no  more  and  no  less. 
This  definition  in  no  way  assumes  that  allocated  costs 
will  be  useful.  Usefulness  depends  jointly  on  the 
nature  of  the  cost  being  allocated,  the  allocation 
method  selected,  and  the  decisions  to  be  based  on 
allocated  costs. 

Joint  cost  will  apply  to  a  setting  in  which  production 
costs  are  a  nonseparabie  function  of  the  outputs  of  two 
or  more  products ...  The  focus  in  joint  cost  settings  is 
the  allocarion  of  the  joint  production  costs  to  the 
Joint  products  and  the  uses  (and  usefulness)  of  the 


allocation  in  output  decisions.  The  classic  example  of 
a  joint  cost  setting  is  where  a  packinghouse  allocates 
the  cost  of  a  steer  between  its  beef  and  hide. 


Common  cost  applies  to  a  setting  in  which 
production  costs  are  defined  on  a  single  intermediate 
product  or  service  which  is  used  by  two  or  more 
users ...  an  example  is  the  common  provision  of  computer 
services  to  two  or  more  divisions  of  a  multidivisi on 
firm  [5:3-5]. 


Thus,  the  terms  cost  allocation,  joint  cost,  and  common 


cost  have  been  described  in  accounting  terms.  This  thesis 


will  focus  on  common  cost  allocations 


Life  Cycle  Costs  ( LCC ) 


The  fundamental  cost  for  Air  Force  programs  and  weapon 


systems  is  an  aggregate  known  as  life  cycle  cost.  It  is 


simply  the  total  dollar  value  of  the  resources  that  a  weapon 


system  will  consume  from  its  inct,  .ion  through  disposal  by 


the  government.  According  to  AFR  800-11,  Life  Cycle  Cost 


Program,  life  cycle  costs  are  generally  divided 


into  four  distinct  categories:  research  and  development 


(R&D) ,  procurement  and  construction  (or  production), 


operating  and  support  (O&S),  and  disposal  (15:1). 


Typically,  LCC  estimates  support  budget  estimates,  Design- 


to-Cost  programs,  and  management  reviews  directed  by  the  Hq 


USAF  and  the  Secretary  of  Defense.  Under  the  umbrella  of 


life  cycle  costs,  operating  and  support  costs  are  a  primary 


category  associated  with  weapon  system  costs  and  include  the 


base  maintenance  supplies  cost  addressed  in  this  thesis. 


USAF  Cost 


The  cost  factors  program  provides  "decision  makers  and 
analysts  at  all  levels  with  timely,  accurate,  and  commonly 
used  factors  for  decision  making  processes”  (19:1).  As 
mentioned  earlier,  the  factors  addressed  in  this  thesis  are 
formally  called  Operating  and  Support  (O&S)  cost  factors. 
They  represent  a  compilation  of  various  "personnel, 
material,  and  facility  costs,  both  of  a  direct  and  indirect 
nature  that  the  Air  Force  incurs  while  operating, 
maintaining,  and  supporting  the  hardware  and  software  of  a 
weapon  system”  (19:1).  Cost  factors,  then,  are  the  standard 
or  expected  costs  from  the  various  fiscal  appropriations 
that  are  used  to  estimate  resource  requirements  and  costs 
associated  with  Air  Force  structures,  missions,  and 
activities.  Since  these  factors  directly  impact  the 
ultimate  expenditure  of  billions  of  dollars  each  year,  they 
are  the  subject  of  periodic  review  by  Hq  USAF  comptroller 
officials . 

Budget  Year  Cost  Factors .  AFR  173-13  defines  budget 
year  factors: 

Budget  year  factors  show  the  actual  factors  used  by  HQ 
USAF/ACB  in  developing  the  Air  Force  budget  submission 
for  the  next  fiscal  year.  These  factors  are  based  on 
requirements  of  that  particular  year.  During  a  weapon 
system  life  cycle,  many  logistics  costs  are  higher 
during  early  and  later  years,  and  less  in  mature  years. 
Budget  factors  show  these  changes  [19:1]. 

Most  budget  year  factors  are  used  to  depict 

semivariable  costs.  Budget  year  factors  are  developed  for 

the  Program  Objective  Memorandum  (POM)  exercise.  They  are 


15 


•"Iv'.n'.-.'.'  .V '.'S' '/Xv.’C*- 


updated  with  fact-of-life  changes  for  the  Budget  Estimate 
Submission  (BES)  and  finally  the  President’s  Budget  (PB) . 
Budget  year  factors  are  derived  from  command  inputs  and  Air 
Staff  analyses. 

Life  Cycle  Cost  Factors .  AFR  173-13  also  defines  life 
cycle  cost  factors: 

Life  cycle  factors  account  for  the  flow  of  costs 
throughout  the  economic  life  of  a  system.  Life  cycle 
cost  factors  are  essentially  the  cumulative  average  of 
budget  year  factors,  from  initial  operation  through  an 
average  economic  life.  They  provide  a  more  accurate 
estimate  of  the  total  cost  when  preparing  life  cycle 
cost  estimates  [19:1]. 

Base  Maintenance  Supplies  Factor.  Life  cycle  BMS 
factors  include  all  maintenance  supply  expenses  and  exclude 
other  expenses,  such  as  mission  operations  and 
administration.  BMS  factors  represent  DOD  Functional 
Category  03  (Maintenance)  and  Air  Force  Element  of  Expense 
Investment  (EEIC)  codes  600,  602-607,  609,  61X,  64X,  and 
693.  EEICs  describe  a  type  of  commodity  consumed;  in  this 
case,  each  of  these  600  series  EEICs  represents  a  specific 
type  of  supply  category.  Functional  Categories  are  used  to 
aggregate  the  costs  of  each  of  the  service  components  into  a 
DOD  summary  account. 

Unallocated  BMS  costs  that  are  identified  by  the 
preceding  EEICs  must  be  distributed  equitably  to  each 
aircraft  by  MDS  at  each  base. 

The  usual  spread  of  EEICs  that  comprise  the  BMS  costs 


is  at  Table  1. 


Table  1.  BMS  Cost  Percentage  Breakout  by  EEIC 

Source:  AFR  173-13 


E£I£ 

PERCENT 

605 

46 

609 

39 

641 

3 

693 

7 

Other 

5 

The  BMS  factors  measure  expendable  supplies  directly 
associated  with  the  flying  mission.  BMS  costs  are 
considered  to  be  totally  variable  and  linearly  related  to 
the  flying-hour  program  according  to  AFR  173-13.  They 
exclude  costs  associated  with  Depot  level  maintenance  for 
larger  and  usually  more  expensive  aircraft  components  and 
parts.  Figure  2  depicts  the  relationship  of  the  BMS  factor 
to  Life  Cycle  Cost. 
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Figure  2:  Relationship  of  BMS  Factor  to  Life  Cycle  Cost 


The  cost  allocation  techniques  being  evaluated  in  this 
thesis  support  the  development  of  the  BMS  factors  which  are 
life  cycle  cost  factors.  According  to  Lt  Col  John  Wallace, 
the  results  of  this  thesis  will  be  used  to  standardize  the 
cost  allocation  techniques  currently  used  by  the  Air  Force 
to  develop  both  life  cycle  and  budget  year  cost  factors. 

Pro.iect  AC  90 

Project  AC  90,  initiated  17  February  1982  by 
Lieutenant  General  George  M.  Browning,  Jr.,  Comptroller  of 
the  Air  Force,  was  a  step  in  developing  a  "sound  and 
continuous  long-range  planning  process  for  Comptroller 


8 


operations"  (6).  The  initial  product  was  a  58-page  document 
which  charted  the  management  initiatives  that  were  then 
envisioned  to  carry  USAF  Comptroller  organizations  into  the 
1990s  (14). 

Later,  when  Lieutenant  General  Truman  Spangrud  became 
the  Comptroller  of  the  Air  Force,  both  he  and  the  Assistant 
Secretary  of  the  Air  Force  for  Financial  Management,  the 
Honorable  Richard  E.  Carver,  revitalized  Project  AC  90. 

Many  initiatives  were  identified  in  the  new  plan  to  neip 
improve  Comptroller  capabilities  (38). 

This  thesis  is  based  on  one  of  the  AC  90  action  items. 
The  action  item  is  a  proposed  improvement  to  the  Visibility 
and  Management  of  Operating  and  Support  Cost  (VAMOSC) 
system.  VAMOSC  is  explained  in  the  following  section. 

YAMQ.SS 

A  program  designed  to  assist  managers  in  the  financial 
decision  making  process  and  which  provides  the  data  for 
computing  cost  factors  is  the  Visibility  and  Management  of 
Operating  and  Support  Cost  (VAMOSC)  Program  governed  by  AFR 
400-31  and  managed  by  the  Cost  Directorate,  Headquarters  Air 
Force  Logistics  Command  ( Hq  AFLC/ACC).  As  previously 
stated,  improvement  of  the  VAMOSC  system  will  subsequently 
improve  cost  factor  development.  A  brief  history  and 
explanation  of  VAMOSC  follows. 

Genesis  of  VAMOSC .  In  1975,  the  Honorable  W.P. 


Clements,  Jr.,  Deputy  Secretary  of  Defense,  sent  a 


memorandum  to  the  service  chiefs  providing  the  initial 
guidance  to  develop  weapon  systems  operating  and  support 
cost  visibility  using  automated  systems  (7).  Ninety 
days  later,  the  Visibility  and  Management  of  Operating  and 
Support  Cost  (VAMOSC)  system  was  created  to  support  planning 
and  budgetary  requirements  related  to  weapon  systems.  The 
VAMOSC  system  then  evolved  into  three  large  data  systems 
governed  by  AFR  400-31.  The  three  systems  that  initially 
evolved  were  the  Component  Support  Cost  System  ( CSCS j ,  the 
Operating  and  Support  Cost  Estimating  Reference  (OSCER).  and 
the  Communicat ions-Electronics  Logistics  Support  Costs 
Management  Program.  Subsequently,  from  1976  through  1979, 
numerous  revisions  and  updates  were  made  to  VAMOSC’ s  cost 
systems  in  order  to  improve  their  performance  and  clarify 
responsibilities.  According  to  the  Executive  Summary  For 
VAMOSC ■  a  data  project  directive  (a  major  computer  system 
project)  was  issued  to  enhance  all  three  systems  and 
consolidate  their  management  (12).  The  three  resulting  cost 
systems  were  the  Weapon  Systems  Support  Cost  I.WSSC)  System, 
the  Communication-Electronics  (C-E)  System,  and  the 
Component  Support  Cost  System  (CSCS).  Each  is  described 
below . 

A.  Weapon  System  Support  Cost  (WSSC)  System  -  This 
syscem  was  designed  to  collect  operation  and  support  (O&S) 
costs  at  the  weapon  system  level .  The  WSSC  system  reports 
on  over  100  aircraft  at  mission  design  series  (MDS)  level. 
This  system  continually  gathers  data  from  several  automated 
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and  manual  inputs.  Three  examples  of  input  data  and  the 
numeric  designator  for  the  input  data  reports  are: 

1 .  Accounting  and  Budget  Distribution  System 
H069R  -  includes  operations  and  maintenance  dollars  spent  in 
any  given  fiscal  year. 

2.  Aerospace  Vehicle  Inventory  Status/Utilization 
Report  G033B  -  provides  flying  hours  for  every  aircraft  by 
tail  number  and  the  average  primary  aircraft  authorized 
(PAA)  by  base. 

3.  Product  Performance  System  File  D056A  -  gives 
the  number  of  maintenance  man-hours  expended  at  each  base. 

B.  Communications-Electronics  (C-E)  System  -  This 
system  was  designed  to  collect  and  portray  cost  at  the  type 
model  series  (TMS)  level.  There  are  approximately  850  TMSs 
that  data  is  collected  and  reported  on.  Three  examples  of 
the  input  data  and  report  numerical  designators  for  the  C-E 
system  are- 

1.  Engineering/Installation  Management  CU03K  - 
provides  mobile  depot  maintenance  costs. 

2.  Recoverable  Consumption  Item  Requirements 
System  D041  -  gives  recoverable  subassembly  information  on 
communication  items  (price,  condemnations). 

3.  Equipment  Item  Requirements  Computation  System 
File  D039  -  includes  inventory  information  and  purchase 
prices  for  end-items. 

C.  Component  Support  Cost  System  (CSCS)  -  This  system 
provides  quarterly  information  on  the  cost  of  aircraft 


subsystems  and  components.  Costs  are  reported  by  work  unit 


codes  (WUC)  and  MDS.  Fifteen  data  systems  provide  inputs. 
Three  input  examples  are: 

1.  Comprehensive  Engine  Management  System  DU42A  - 
identifies  the  engines  classified  as  not  reparable  this 
station  (NETS)  and  sent  to  depot  for  repair. 

2.  Base  Account  Screening  Exercise  D0465  - 
provides  information  on  interchangeable  and  substituteable 
national  stock  numbers  i NSN ;  for  component  parts. 

3.  Depot  Maintenance  Industrial  Func  ,DMIF)  Cost 
Accounting  Production  Report  -  gives  depot  average  repair 
costs  and  labor  hours . 

Based  on  the  preceding  discussion  alone,  readers  can 
begin  to  appreciate  the  size  and  complexity  of  the  VAMOSC 
system  ( 12 : 1-12  )  . 

Recent  VAMOSC  Developments .  The  most  recent  actions 
affecting  the  VAMOSC  system  were  based  on  an  OSD  requested 
assessment  of  VAMOSC  in  1986,  a  subsequent  study  done  by  1  he 
Analytical  Science  Corporation  (  TASC )  in  1l^87,  and  a  majt>r 
system  update  that  directly  affects  the  allocations  oeing 
evaluated  in  this  thesis.  Details  of  the  first  two  actions 
are  reported  by  Sisco  during  her  research  of  VAMOSC  overhead 
algorithms  done  concurrently  with  this  research  effort.  A 
review  of  her  research  follows: 

1 .  A  transfer  of  function  for  VAMOSC  was  deemed 
appropriate.  Effective  October  1986,  this  transfer  occurred 
from  Hq  AFLC/MML  to  Hq  USAF/AC. 


2.  The  office  of  primary  responsibility  for  VAMOSC  was 
transferred  to  the  Air  Force  Cost  Center,  while  Hq  AFLC/AC 
was  given  operational  program  responsibilities  for  VAMOSC 
( 36:8-9) . 

Similarly,  Sisco  reported  on  a  TASC  study  titled,  Get 
Well  Modernization  Plan  for  the  VAMOSC  System.  She  reported 
that  TASC  found  several  minor  problems  with  the  WSSC  and 
CSCS .  but  major  problems  with  the  C-E  system.  She  also 
reported  Hq  AFLC/AC  actions  in  response  to  the  TASC  study. 
Actions  initiated  since  the  March  1987  report  include: 

1.  Improving  the  system  which  cross-references  work 
unit  codes  and  national  stock  numbers  in  the  CSCS. 

2.  Developing  a  plan  to  transfer  VAMOSC  to  IBM 
compatible  computers  to  simplify  user  downloading  and 
uploading  information. 

3.  Requesting  specific  guidelines  on  VAMOSC  from  the 
Air  Force  Cost  Center  (.36:9). 

One  final  development  that  will  be  addressed  here  is 
the  upgrade  of  VAMOSC 's  Component  Support  Cost  System.  The 
enhancements  are  identified  in  Information  Systems 
Requirements  Document  (ISRD)  AFC-H86-110  submitted  by  tne 
Material,  Cost  and  International  Accounting  Systems  Division 
and  the  Comptroller  Systems  Development  Division, 

Directorate  of  Plans  and  Systems,  Air  Force  Accounting  and 
Finance  Center  (AFAFC/XSM  and  XSD  respectively).  This  loRD 
requests  an  update  to  a  related  VAMOSC  input  source,  the 


Standard  Base  Supply  System  (SBSS),  that  will  eliminate  the 


need  for  the  cost  allocations  currently  used.  The  modified 


system  will  specifically  identify  costs: 

. . . by  element  of  expense  investment  code  (EEIC)  and 
responsibility  center  cost  center  (RC/CC)  code  at  the 
MDS  level  of  detail  for  aircraft  and  Type,  Model, 

Series  (TMS)  level  of  detail  for  aircraft  engines. 
(RC/CC  codes  are  used  to  identify  the  organization  or 
activity  and  sometimes  the  aircraft  used  to  accumulate 
costs.)  The  SBSS  identifies  issue  transactions  to 
weapon  systems  by  use  of  the  Standard  Reporting 
Designator  (SRD).  The  SRD  relates  directly  to  aircraft 
MDS  codes  as  well  as  aircraft  engine  TMS  codes  [9:lj. 

VAMOSC  and  This  Research .  The  VAMOSC  is  an  integral 

part  of  this  thesis.  The  BMS  cost  factors  are  developed 

using  data  collected  in  and  reported  by  VAMOSC.  The 

allocation  procedures  being  researched  in  this  thesis  are 

only  being  used  because  of  some  practical  limitations  of  the 

Air  Force’s  accounting  system  and  the  standard  base  supply 

system.  Recalling  Fultz’  general  rule,  more  precise 

measurement  may  not  be  worth  the  cost  of  a  "super  '  VAMOSC 

system.  Despite  the  request  for  another  system  upgrade  for 

VAMOSC  1,  expected  to  eliminate  the  need  for  manually 

allocating  costs),  the  underlying  basis  for  cost  allocations 

still  remains  questionable.  This  research  may  affect  the 

way  certain  data  is  manipulated  using  the  VAMOSC  algorithms. 


Maintenance  Data  Collection  (MDC)  SYSt^sm 

General  Concepts .  Maintenance  data  is  an  important 
factor  in  determining  the  reliability  and  maintainability  of 
weapon  systems.  The  Maintenance  Data  Collection  (MDC) 
system  is  the  primary  source  for  a  variety  of  data 
associated  with  base-level  maintenance  and  repair  of  weapon 


systems.  Base-level  maintenance  consists  of  both  scheduled 
and  unscheduled  work. 

Generally,  unscheduled  work  is  identified  by  aircrews 
as  a  result  of  equipment  failures.  Debriefing  personnel 
obtain  this  data  from  the  crews  and  relay  it  to  the  Job 
Control  Section  of  the  base  maintenance  activity  which  in 
turn  schedules  the  work  to  be  performed  by  maintenance 
personnel . 

Scheduled  maintenance  is  performed  after  an  aircraft 
accumulates  a  certain  amount  of  operating  hours.  The 
Documentation  Section  in  the  maintenance  activity  keeps 
records  on  each  aircraft  and  identifies  when  schedule 
maintenance  is  needed.  Eventually,  the  appropriate 
specialists  are  dispatched  to  perform  the  work.  Whenever 
work  is  performed  on  any  aircraft  or  aircraft  component, 
maintenance  personnel  are  required  to  complete  AFTO  Form 
349.  Data  required  to  be  collected  includes  maintenance 
staff -hour  (man-hour)  expenditures  and  technical  data 
involving  the  repairs.  The  data  is  then  keypunched,  and 
processed  at  bases  for  report  generation,  computer  storage, 
and  other  uses.  These  data  feed  into  systems  like  VAMOGC 
and  often  form  the  basis  for  cost  allocations  and  cost 
factor  computations.  Figure  3  shows  a  sample  AFTO  Form  349. 


Figure  3:  AFTO  Form  349 


i 


tlailLtgnangg  Configurations .  According  to  the  Logistics 
af  Waging  War .  Air  Force  maintenance  squadrons  have  been 
governed  by  AFR  66-1,  Maintenance  Management .  since  the 
1950 ’s.  The  collection  and  reporting  of  maintenance  data  at 
most  Air  Force  installations  have,  therefore,  used  the 
centralized  maintenance  concepts  specified  in  AFR  66-1  with 
centralized  control  under  a  chief  of  maintenance.  The 
maintenance  concepts  used  by  the  principle  operational  major 
commands  are  shown  in  Figure  4.  Typically,  under  AFM  66-1, 


four  maintenance  squadrons  will  function  under  the  direction 
of  the  Chief  of  Maintenance:  field  maintenance  (FMS), 
organizational  maintenance  (OMS),  avionics  maintenance 
(AMS),  and  munitions  maintenance  (MMS). 


Figure  4:  Maintenance  Configurations 


During  Viet  Nam,  Pacific  Air  Forces  ( PACAF )  used 
tactical  units  for  maintenance,  which  essentially  deleted 
organizational  maintenance  and  assigned  its  function  to  a 
tactical  flying  squadron,  along  with  munitions  squadron  load 
crews.  These  tactical  units  were  organized  in  matrix 
fashion,  as  would  be  termed  in  today’s  management 
philosophy.  Similarly,  Tactical  Air  Command  ( TAC )  iniriated 
a  concept  called  the  "TAC  Enhancement."  By  the  end  of  the 
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Viet  Nam  War,  both  TAG  and  PACAF  reverted  back  to  the 
organizational  structure  of  AFM  66-1. 

After  Viet  Nam,  new  ways  to  improve  aircraft 
maintenance  were  sought.  TAG  initiated  the  Production 
Oriented  Maintenance  Organization  (POMO)  whose  primary 
objectives  were  to  increase  operational  mission 
effectiveness  and  to  increase  unit  readiness .  The  concept 
deleted  the  four  traditional  maintenance  squadrons  and 
replaced  them  with  these  new  maintenance  squadrons :  the 
aircraft  generation  squadron  (AGS),  equipment  maintenance 
squadron  (EMS),  and  the  component  repair  squadron  (GRS). 
Repairs  were  made  according  to  two  functions,  on-equipment 
and  of f -equipment  maintenance.  TAG’S  POMO  later 
transitioned  into  the  Gombat  Oriented  Maintenance 
Organization,  or  COMO  as  it  is  called  today.  POMO  became 
formally  recognized  in  AFR  66-5  as  a  second  maintenance 
organizational  structure  and  major  commands  were  given  the 
option  to  use  either  POMO  or  the  AFM  66-1  concept  (17).  The 
21  April  1983  revision  to  AFR  66-1  (formerly  AFM  66-1) 
consolidated  the  maintenance  concepts  outlined  in  both  AFM 
66-1  and  AFR  66-5  and  depicted  in  Figure  4  (16:1). 

Even  today  both  concepts  are  used. 

Maintenance  data  collection  under  both  concepts  of 
maintenance  organization  is  still  based  on  the  AFTO  349 
previously  discussed.  Key  data  collected  on  this  form  that 
will  be  reviewed  in  this  thesis  include:  maintenance  man¬ 
hours  worked,  aircraft  MDS,  sorties,  and  work  unit  code. 
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Recent  Developments .  Maintenance  data  collection  has 

been  problematic.  Evidence  of  this  will  be  reported  in 

Chapter  III,  Literature  Review.  The  nature  of  the 

difficulty  associated  with  maintenance  data  collection  has 

to  do  with  its  labor  intensive  task.  The  Air  Force  has 

taken  assertive  steps  to  help  alleviate  the  problem.  The 

June  12,  1987  issue  of  the  Air  Force  Systems  Command 

Newsreview  presented  an  article  titled,  "Maintenance 

documentation  made  easy.  "  The  Core  Automated  Maintenance 

System  is  introduced  as  the  "latest  leap  forward  in 

automation""  and  as  having  "maintenance  specialists  typing 

data  into  computers  after  they’ve  completed  a  job  and  laid 

down  their  wrenches""  (44:1).  The  system,  referred  to  by  its 

acronym  CAMS,  was  successfully  implemented  at  Edwards  AFB, 

California  on  May  4  1987.  The  system  supposedly  can: 

...help  maintenance  personnel  keep  track  of  which 
aircraft  and  support  equipment  need  repairs  or 
inspections,  which  items  have  had  work  done  on  them, 
when  members  require  training,  and  all  tne  many  details 
needed  to  document  such  actions  [44:1]. 

The  overall  objective  of  CAMS  is  reportedly  to  increase 
the  efficiency  of  getting  maintenance  information.  Since 
CAMS  is  proposed  for  complete  implementation  throughout  the 
Air  Force  by  the  year  2000 ,  perhaps  many  of  the  problems  of 
maintenance  data  collection  will  subside. 

Cost  Accounting  Standards  Board  and  Allocations 

Due  to  the  increasing  complexity  of  government 


procurement,  the  Cost  Accounting  Standards  Board  (CASE)  was 


established  in  1970.  According  to  the  Cost  Accounting 

Standards  Guide ■  the  CASE  was  created  by  Congress  to: 

promulgate  cost  accounting  standards  to  be  used  by  both 
contractors  and  relevant  federal  agencies  in  order  to 
establish  uniformity  and  consistency  in  cost  accounting 
practices  for  government  contract  proposals  and  cost 
accumulation  and  reporting  [8:2412,3497]. 

Cost  Accounting  Standard  418  discusses  direct  and 

indirect  costs  and  states  that  cost  allocations  should  be 

based  on  a  beneficial  or  causal  relationship,  using: 

an  appropriate  measure  of  resource  consumption,  output 
measures  if  direct  consumption  measures  are 
unavailable,  or  a  surrogate  that  is  representative 
of  resources  being  consumed  [8:2412,3497]. 

Chapter  Summary 

The  background  developed  in  this  chapter  has  served 
several  purposes.  First,  it  is  an  attempt  to  familiarize 
the  reader  with  the  key  concepts  developed  in  this  thesis. 
Beginning  with  cost  objectives,  direct  charges,  and  the 
general  rule  developed  by  Fultz,  readers  should  better 
understand  the  cost  objective  researched  in  this  thesis. 

The  cost  objective,  using  Fultz’s  definition,  is  to 
determine  the  base  maintenance  supplies  ( BMS )  costs  for 
specific  aircraft  type.  As  was  discussed  earlier  in  this 
chapter,  determining  BMS  costs  is  not  a  straightforward 
process,  yet  as  Fultz  reminded,  if  the  cost  of  more  precise 
measurement  is  greater  than  the  benefit  received  then  the 
cost  should  be  treated  as  an  indirect  cost. 

Subsequently,  cost  allocation,  joint  cost,  and  common 
cost  were  defined  for  the  readers.  Common  cost  allocations, 
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or  the  partitioning  of  a  product  or  service  used  by  two  or 
more  activities,  is  an  important  definition  because  it 
depicts  the  type  of  allocations  being  analyzed  in  this 
document . 

Next,  life  cycle  costs  were  addressed  and  readers  were 
reminded  that  this  category  of  cost  is  the  aggregate  term 
used  for  all  costs  associated  with  weapon  systems  from 
inception  to  disposal.  Under  the  umbrella  known  as  life 
cycle  cost  is  the  category  known  as  operation  and  support 
(O&S)  costs,  a  primary  category  for  weapon  system  costs. 

The  BMS  costs  are  a  subset  of  O&S  costs. 

In  the  next  section  of  this  chapter,  the  USAF  cost 
factors  program  was  explained.  Descriptions  of  the  budget 
year  factors  and  life  cycle  cost  factors  were  given.  This 
section  continued  the  background  development  for  this  thesis 
by  showing  how  the  BMS  cost  factor,  a  budget  year  factor,  is 
used.  The  allocation  methods  being  researched  in  this 
thesis  should  be  useful  in  standardizing  the  way  the  Air 
Force  computes  all  cost  factors. 

Following  the  discussion  on  cost  factors,  Project  AC  90 
was  presented.  Beyond  the  fact  that  Project  AC  90  resulted 
in  the  development  of  the  strategic  plan  for  the  USAF 
comptroller  organization,  the  specific  action  item  from 
which  this  research  is  based  was  approved  by  all  MAJCOM 
comptrollers  and  cost  directors.  This  indicates,  in  part, 
the  significance  of  this  study  and  the  high  level  visibility 
that  it  has.  The  action  item  itself  relates  to  an 


initiative  designed  to  upgrade  the  large  computerized  system 
that  maintains  the  data  elements  supporting  all  weapon 
systems.  This  computerized  system  is  known  as  the 
Visibility  and  Management  of  Operating  and  Support  Cost 
(VAMOSC)  program. 

VAMOSC’s  history  (including  several  examples  of  the 
primary  systems  and  the  input  reports)  was  depicted,  along 
with  recent  developments  even  as  this  research  was 
conducted.  Historically,  VAMOSC  has  been  continually 
changing  both  to  improve  its  products  and  management. 

Recent  changes  to  VAMOSC  were  driven  by  an  OSD  requested 
assessment  and  a  study  done  by  TASC.  These  changes  included 
the  elimination  of  the  Communications-Electronics  system  and 
a  major  reorganization  which  transferred  VAMOSC  to  the  Air 
Force  Cost  Center  with  operational  control  remaining  at  Hq 
AFLC/AC.  In  addition,  an  important  upgrade  to  the  Component 
Support  Cost  System  will  ultimately  alleviate  the  need  for 
cost  allocations.  Albeit,  VAMOSC  data  is  an  integral  part 
of  this  thesis.  It  will  be  used  to  conduct  a  regression 
analysis  in  order  to  try  to  determine  the  best  base  for  cost 
allocations . 

Since  this  thesis  is  looking  at  base  maintenance 
supplies  and  an  allocation  technique  originally  based  on 
maintenance  man-hours,  it  was  important  to  describe  the 


Maintenance  Data  Collection  (MDC)  system.  Maintenance  data 
is  not  only  instrumental  in  determining  the  reliability  and 
maintainability  of  weapon  systems,  but  also  in  providing 


data  useful  for  a  variety  of  cost  factors  developed  from  the 
VAMOSC  system.  This  portion  of  the  chapter  described  the 
two  maintenance  concepts  (AFR  66-1  and  POMO)  currently  used 
in  the  Air  Force  and  described  the  specific  steps  and  forms 
used  to  report  the  maintenance  data  used  in  this  thesis. 

Finally,  since  the  thrust  of  this  thesis  is  directed  at 
cost  allocation  procedures,  the  Cost  Accounting  Standards 
Board  and  allocation  techniques  were  presented.  These  were 
discussed  in  order  to  depict  the  minimum  standards  expected 
for  cost  allocations  and  the  basis  for  the  accounting 
board’s  authority.  Next,  a  review  of  the  literature 
germane  to  this  thesis  is  presented  in  Chapter  III. 


Historically,  various  cost  allocations  methods  have 
been  used  both  in  military  and  commercial  operations.  This 
chapter  provides  examples  of  several  methods  used  to 
allocate  costs  and  explains  the  rationale  for  the  various 
methods.  Much  has  been  written  on  the  subject  of  cost 
allocations;  therefore,  this  literature  review  has  been 
organized  in  chronological  order  and  by  three  categories: 
military,  business,  and  academic  publications. 

Four  types  of  military  publications  are  reviewed  to 
provide  examples  or  critiques  of  cost  allocation  procedures 
and  their  use.  Government  Accounting  Office  (GAO)  reports 
have  long  documented  problems  related  to  systems  which 
maintain  data  used  to  allocate  costs  and  have  frequently 
critiqued  these  systems’  usefulness  and  validity  for  use  in 
the  military.  Similarly,  the  RAND  Corporation  has  done  a 
number  of  studies  for  the  Air  Force  on  cost  allocations. 
Additionally,  government  contracted  independent  studies 
provide  a  different  view  of  cost  allocations.  Finally, 
regulations  and  miscellaneous  directives  provide  insights  on 
cost  allocations  currently  being  used.  All  four  types  of 
publications  provide  a  historical  development  and  assessment 
of  USAF  cost  allocation  techniques  and  are  essential  to  the 
conclusions  reached  in  this  thesis. 


Business  publications  are  also  analyzed  to  try  to 
isolate  similarities  in  cost  allocation  techniques  between 
civilian  and  military  concerns  and  to  determine  the  business 
basis  for  preferred  allocation  methods.  A  variety  of 
periodicals  and  journals  on  cost  accounting  and  business 
were  reviewed.  Finally,  academic  publications  are  reviewed 
to  ascertain  the  most  current  cost  allocation  techniques 
that  are  being  taught  in  educational  institutions,  are  being 
used  in  industry,  or  which  have  been  researched.  This  is 
intended  to  provide  a  current  viewpoint  from  academia  and 
will  provide  an  interesting  comparison  with  industry 
practices . 


Military  Publications 

GAO  Reports .  Numerous  Government  Accounting  Office 
(GAO)  reports  document  problems  related  to  the  QSAF  cost 
factors  program.  These  problems  are  directly  related  to  the 
cost  allocations  being  researched  in  this  study.  A 
comprehensive  and  highly  controversial  report  published  in 
1983  addressed  the  problems  associated  with  Air  Force’s 
Maintenance  Dara  Collection  i MDC )  system.  Recall  that  the 
MDC  is  the  primary  source  of  base- level  maintenance  data. 
GAO’s  1983  report  was  titled,  The  Air  Force  Can  Improve  Its 
Maintenance  Information  System :  Report  to  the  Chairman 
Committee  on  Government  Operations ,  House  of  Representatives 
and  summarized  a  host  of  prior  GAO  reports  on  the  subject  of 


inaccurate  data  in  the  MDC  system  since  its  inception  in 


1958.  A  review  of  the  report  revealed  that  even  officials 
of  the  Office  of  the  Secretary  of  Defense  (OSD)  would  not 
use  reports  based  on  MDC  system  inputs  because  the 
recipient  believed  the  output  distorted  aircraft  maintenance 
costs"  (28:50).  GAO  looked  at  Air  Force  in-house  and 
contracted  efforts  to  study  the  MDC  system  inaccuracies.  In 
GAO’s  view,  contracted  studies  showed: 

--  The  number  of  maintenance  actions  were  under 
reported  by  a  factor  of  2. 

--  The  number  of  direct  labor  hours  sampled  by  the 
contractor  were  over  reported  by  a  factor  of  2  (28:12). 

This  important  GAO  report  not  only  identified  the  long 
standing  problem  of  inaccuracy  in  the  collection  of  aircraft 
maintenance  data  but  also  in  man-hour  reporting. 

Maintenance  data  accuracy  cannot  be  overemphasized,  for  as 
GAO  pointed  out,  such  data  are  used  to  not  only  monitor  the 
effectiveness  of  Air  Force  maintenance  programs  including 
personnel  productivity,  but  also  weapon  system  operating  and 
support  costs.  Equally  important,  maintenance  data  is  usea 
to  determine  the  reliability  and  maintainability  of  weapon 
systems  (28:2). 

Thus,  this  GAO  report  provides  strong  evidence  that 
historically  there  has  been  a  problem  with  the  accuracy  of 
reported  maintenance  man-hours,  the  current  base  for  the  BMS 
cost  allocations. 


RAND  Corporation  Reports .  Cost  allocation  techniques 
have  been  researched  and  reported  on  by  the  RAND  Corporation 
since  the  early  days  of  the  Air  Force.  Among  the  earliest 
reports  found  was  a  RAND  Corporation  publication  publisned 
in  1955  which  discussed  the  use  of  cost  allocation 
techniques  to  allocate  the  cost  of  interdependent  support 
activities  to  mission  activities.  In  this  early  effort. 

G.H.  Fisher  proposed  a  solution  to  the  cost  accounting 
problem  of  allocations  through  use  of  a  model  wnicn  solves 
systems  of  simultaneous  equations  in  matrix  form  i24;lb! 
Although  he  did  not  suggest  any  specific  allocation  oases  or 
rationale,  Fisher  provided  a  mathematically  rigorous  cost 
allocation  method  early  in  the  Air  Force’s  history. 

Later  in  1961,  David  Novick’s  publication  for  RAND 
entitled,  System  and  Total  Force  Cost  Analysis ,  reported 
"For  manned  aircraft  systems,  maintenance  cost  is  usually 
estimated  as  a  function  of  flying  hours,  based  on  the  itst 
factors  for  various  types  of  aircraft  given  in  the  Pe.acet  ime 
Planning  Factors  Manual  (34:44-45).  Mr  Novick 
provided  some  of  the  early  rationale  for  types  of 
maintenance  costs  which  could  be  allocated,  but  providt;a 
little  evidence  of  some  of  the  rationale  for  the  current 
cost  factors  of  the  day.  It  appears  the  he  took  the  flying 
hour  factors  from  the  factors  manual  without  even 


questioning  the  reason  or  basis  for  their  use 


Another  RAND  report  cautioned  readers  on  the  need  to 
establish  meaningful  bases  for  cost  allocations.  According 
to  Kenneth  E.  Marks,  Aii  Allocation  methods  that  simply 
distribute  costs  in  proportion  to  a  convenient  system 
characteristic  (and  which  have  little  or  no  establisned 
relationship  with  the  real  cost  driving  factors)  should  be 
avoided’  (31;viii). 

The  report  also  assessed  life  cycle  cost  estimating 

models  for  USAF  aircraft  systems.  Its  review  included  an 

assessment  of  AFR  173-10  i now  AFR  173-13)  models  and  definea 

the  cause  and  effect  relationship  for  maintenance  material 

The  amount  of  material  required  is  driven  by  the  numoer 
of  maintenance  actions,  which  depends  on  the  number  of 
components,  component  failure  rates,  the  number  of 
aircraft  in  the  force,  and  the  level  of  activity. 

Policy  decisions  on  the  amount  and  type  of  work  to  be 
done  at  base  level  have  a  direct  effect  on  the  amount 
of  material  used  [31:89]. 

Thus,  Marks  provided  some  insight  into  possible 
allocation  bases  for  the  allocation  of  base  maintenance 
supplies . 

A  more  recent  RAND  report  of  interest  was  Unit  Cost 
Analysis:  Annual  Recurring  Operating  and  Support  Cost 

Methodology.  This  report  was  prepared  in  March  1^86  in 
re.sponse  to  a  request  by  the  Assistant  Secretary  of  Defense 
(Reserve  Affairs)  and  described  a  methodology  for 
estimating  the  annual  operacing  and  support  costs  of  units 
in  the  active  and  reserve  force  components  of  the  mi  lit, ary 
services  (35:iii).  This  report  was  designed  to  help 
provide  a  consistent  estimating  method  for  force-mix 


decisions.  Appropriately,  Army,  Navy,  and  Air  Force  active 
and  reserve  units  were  evaluated.  Within  the  Air  Force, 


active  and  reserve  C-130F  and  F-4D  squadrons  were  analyzed 
to  determine  unit  operating  and  support  costs. 
Significantly,  the  derived  base  level  aircraft  maintenance 
supply  cost  factor  was  expressed  as  a  ratio  of  cost  to 
flying  hours.  Based  on  this  report,  a  flying  hour  based 
cost  factor  development  process  for  base/unit  level 
maintenance  supplies  is  not  only  appropriate,  but  also 
inherent  to  consistent  and  standard  cost  estimating  methoas 
(35).  Unfortunately,  though  an  allocation  base  was 
identified,  no  rationale  for  selecting  flying  hours  as  a 
base  for  cost  allocation  was  given. 

Government  Contracted  Studies .  Periodically, 

technical  assessments  or  statistical  evaluations  have  been 

made  of  the  systems  which  the  Air  Force  uses  to  track  BMS 

costs  and  data.  Reviewing  a  sample  of  these  reports  should 

provide  insights  to  help  determine  cost  allocation  bases. 

One  such  study  performed  by  Desmatics,  Incorporated  in 

1979  evaluated  the  accuracy  of  direct  labor  hour  data  used 

in  estimates  of  operating  and  support  costs.  The  principle 

objective  of  this  study  was  to ^ 

. . .assist  the  Air  Staff  in  assessing  the  accuracy  of 
the  data  which  is  input  to  the  OSCER  (previously 
discussed  under  the  subheading;  Genesis  of  VAMQSC ) 
cost  allocation  methodology.  Because  base  level 
maintenance  activity  constitutes  a  significant  portion 
of  weapon  system  operating  and  support  costs,  it  is  an 
area  in  which  data  accuracy  may  be  expected  to  have  an 
important  impact  [37:2] 


Smith  Qt  ai  used  a  stratified  sampling  technique  to 
observe  direct  labor  hours  used  on  F-15  aircraft  at  Langley 


AFB,  Virginia  and  F-4D  aircraft  at  MacDill  AFB,  Florida. 
Observations  were  conducted  during  three  week  periods  at 
each  location.  Also,  119  maintenance  jobs  were  reviewed 
under  a  sampling  plan  which  was  designed  to  be 
representative  of  the  various  weeks,  days,  shifts, 
squadrons,  and  work  centers.  A  "Reporting  Accuracy  Factor, 
computed  from  the  ratio  of  reported  labor  hours  to  observed 
labor  hours,  was  selected  as  the  response  variable  for 
statistical  analysis.  Results  of  the  statistical  analysis 
follows  at  Table  2. 

Table  2.  Results  of  Desmatics  Statistical  Analysis 

Source:  Smith  al 


Average  Reporting  95%.  Confidence 
Base  Accuracy  Factor  Interval 


Langley 

1 . 

,  72 

(  1  . 

.  40  , 

2.12) 

MacDi 1 i 

2. 

10 

{  1  . 

62  , 

2.73) 

Combined 

1 

.  94 

1  1 

.  64  , 

2.31) 

Thus  according  to  Table  2,  the  Desmatics  study  implies; 

...there  is  overwhelming  evidence  that  the  DLH  data 
reported  on  the  AFTO  Form  349  at  both  Langley  and 
MacDill  reflects  "inflation"  of  man-hours  [37:35]. 

Table  2  suggests  that  95%  of  the  time  the  reporting  accuracy 

factor  for  recording  direct  labor  hours  will  range  from  1.40 

to  2.12  (or  an  average  of  1.72)  at  Langley  AFB  and  1.64  to 

2.31  (or  an  average  of  2.10)  at  MacDill  AFB. 

The  authors  went  on  to  suggest  four  possible  methods 

for  increasing  the  accuracy  of  direct  labor  hours.  Included 

in  their  conclusions  were  adjusting  the  reporting  accuracy 

factors,  reducing  the  amount  of  maintenance  documentation 

required  by  some  fraction,  adding  permanent  observers  to  the 

maintenance  organization  (charged  with  the  responsibility  of 

observing  maintenance  actions  and  just  recording  what  is 

done),  and  substituting  job  standards  in  lieu  of  recording 

labor  hours  ( 37 ) . 

Another  Desmatics  study  was  done  in  1983  to  evaluate 

the  cost  allocation  algorithms  used  in  VAMOSC's  Weapon 

System  Support  Cost  subsystem.  This  study  treated 

rigorously  the  entire  cost  allocation  process  and  validated 

the  use  of  direct  labor  hours  (DLH)  as  a  base  for  cost 

allocations.  Desmatics’  rationale  for  using  direct  labor 

hours  was  reported  as  follows; 

It  is  reasonable  to  question  whether  man-hours  is 
the  appropriate  indicator  of  maintenance  costs  and 
strengths,  and  whether  the  use  of  man-hours  in  an 
allocation  ratio  produces  the  most  equitable  results. 

It  is  certainly  appropriate  to  allocate  pay  and 
allowance  costs  and  personnel  strengths  using  man¬ 
hours.  All  of  the  variables  involved  relate  to  the 


manpower  needed  to  perform  the  required  maintenance 
functions  for  an  MDS . 

With  regard  to  maintenance  material,  the 
relationship  to  direct  labor  hour  is  less  clear.  The 
assumption  is  that  the  more  man-hours  spent  maintaining 
a  particular  MDS,  the  more  material  costs  would  be 
incurred.  This  may  be  true  to  some  extent  [27:22]. 

Thus,  this  section  of  the  report  implies  that  direct 

labor  hours  might  not  be  a  useful  base  for  allocation  of 

base  maintenance  supplies.  However,  the  authors  conclude, 

'Although  the  DLH  data  is  subject  to  reporting  errors  of 

omission  and  inflation,  the  analysis  in  this  report 

indicates  that  the  resulting  inaccuracies  do  not.  vitiate 

allocation  based  on  that  data  '  ( 27 :  i  )  . 

Lastly,  Information  Spectrum  Incorporated,  ( ISI ) , 

conducted  a  study  to  validate  one  of  the  VAMOSC  subsystem 

allocation  algorithms,  The  1983  ISI  report.  Validation  of 

the  Algorithm  for  Direct  Material  Cost  for  the  Component 

Support  System  ( D1 60  B)  ,  included  a  review  of  a  set  of  30 

algorithms  for  estimating  or  allocating  costs.  The  effirt 

included  'investigations  of  logic,  appropriateness  of 

algorithms,  and  assumptions  inherent  in  the  algorithms 

{23:ES-2).  The  report  addressed  the  base  direct  materia^ 

costs  comprised  of  "consumable  material  issued  by  base 

supply  organizations  to  maintenance  shops  for  repairs  of 

aircraft"  (23:ES-2).  The  report  also  stated  that  since 

supply  organizations  maintained  records  by  National  Stock 

Number,  not  Work  Unit  Code,  an  allocation  procedure  was 


necessary  to  assign  costs  of  material  to  subsyst-.  ms  and 


components.  The  allocation  procedure  used  in  VAMOSC  to  do 
this  is  based  on  the  number  of  repair  actions  reported.  In 
validating  the  use  of  this  technique  ISI  identified  three 
possible  methodologies  for  allocation:  "number  of 
maintenance  actions,  number  of  maintenance  events,  or  number 
of  maintenance  man-hours"  (23:ES-3).  ISI  concluded  that 
they  could  find  no  basis  for  preferring  either  maintenance 
events  or  man-hours  to  the  number  of  maintenance  actions  for 


purposes  of  allocations. 

Regulations  and  Miscellaneous  Directive 


Several 


regulations  and  directives  address  cost  allocation 
techniques  used  by  military  cost  analysts  in  their  daily 
work.  The  reasons  for  using  allocations  appear  to  be  as 
varied  as  the  bases  used  to  distribute  costs. 

Regulations .  Among  the  regulations  reviewed,  AFR 
173-13  lists  a  variety  of  cost  allocation  algorithms.  Among 
the  bases  used  to  allocate  funds  is  primary  aircraft 
authorized  (PAA).  According  to  AFR  173-13,  PAA  represents 
the  "aircraft  authorized  to  a  unit  for  performance  of  irs 
operational  mission.  The  primary  authorization  is  the  basis 
for  allocation  operating  resources  including  manpower, 
support  equipment,  and  flying  hour  funds"'  (19:139). 

Since  PAA  is  a  basis  for  distributing  flying  hour  funds,  it 
follows  that  PAA  should  be  considered  a  possible  base  for 
allocating  BMS  costs.  This  will  be  evaluated  in  this 
thesis . 


AFR  173-13  is  not  the  only  regulation  that  is  useful 
for  review.  In  Volume  I  of  AFR  400-31,  Visibility  and 
Management  q1  Operations  an<l  Support  Cost  Program  Policy  and 
Procedures .  several  input  sources  are  described  and 
suspenses  levied  for  the  data  accumulated  and  used  in  the 
VAMOSC  system.  For  example,  data  describing  the  aircraft 
inventory  including  flying  hours,  possessed  hours  (a 
surrogate  measure  for  PAA),  utilization,  sorties,  landing, 
and  locations  are  maintained  in  the  Possessed  and  Flying 
Hour  Data  File.  This  is  one  of  many  files  maintained  in 
VAMOSC.  Additionally,  input  and  reporting  requirements  must 
be  consistent  with  the  guidance  provided  in  AFR  65-110, 
Aerospace  Vehicle  and  Equipment  Inventory.  Status .  and 
Utilization  Reporting  System  (10;  11).  Although  the  review 
of  pertinent  regulations  has  been  cursory  (there  are  too 
many  regulations  which  relate  to  this  thesis),  it  does 
provide  ideas  on  potential  cost  drivers  which  can  be 
evaluated  as  possible  allocation  bases. 

Miscellaneous  Directives .  An  OSD  cost  guide  also 
provides  direction  on  potential  cost  drivers.  The  use  of 
maintenance  man-hours  is  suggested  for  cost  estimations, 
factor  development,  and  allocations.  One  section  of  the 
1984  Generic  Cost  Estimating  Guide  reported  non-cost  data 
elements  and  suggested  how  some  of  these  elements  could  be 
cost  drivers.  Included  as  a  useful  indicator  and  cost 
driver  for  reliability  and  maintainability  data  was 
maintenance  man-hours  per  operating  hour  (21:27). 
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Similarly,  the  Operating  and  Support  Cost  Estimating 
Primer  used  by  the  Cost  Directorate  in  the  Aeronautical 
Systems  Division  of  Air  Force  Systems  Command  provides  many 
examples  of  cost  factor  equations  and  allocation  algorithms 
for  weapon  systems.  In  one  example,  a  combination  of 
aircraft  and  maintenance  characteristics  are  used  to  develop 
cost  estimates  for  maintenance  personnel  cost  and  to 
distribute  overhead.  The  formula  in  Figure  5  shows  a 
maintenance  personnel  estimating  equation  using  maintenance 
man-hours,  primary  aircraft  authorized,  and  flying  hours. 


HP  = 


where : 

MP 

MMH/FH 


PAA 

FH/PAA 

1.265 


EEF 


(MMH/FH)  (PAA)  (FH/PAA-YR)  (1.265) 

(AMPH)  (12  MONTHS/YR)  (EEF) 

Number  of  maintenance  personnel 

Average  number  of  maintenance  man-hours  pe 
flying  hour 

Primary  aircraft  authorized  per  squadron 

Annual  peacetime  flying  hours  per  PAA 

Chief  of  maintenance  and  support  equipment 
maintenance  factor 

Manpower  efficiency  factor;  .75 


Figure  5;  Maintenance  Personnel  Equation  (13:70) 


Besides  providing  an  example  of  a  computation  for 
computing  cost  estimates  using  the  ratio  of  maintenance  man¬ 
hours  to  flying  hours,  the  primer  also  suggests  that  another 


useful  ratio  for  the  O&S  cost  analyst  is  maintenance  man¬ 
hours  per  sortie  (13).  Although  the  guide  is  remiss  in  not 
providing  a  reason  for  using  a  ratio  of  man-hours  and 
sorties,  two  more  potential  cost  drivers  are  defined  or 
described  which  may  be  investigated  in  this  research. 

Thus,  from  a  review  of  these  miscellaneous  directives, 
the  potential  exists  for  a  combination  of  characteristics  to 
be  used  to  depict  the  relationship  between  cost  and  BMS 
consumed . 

Business  Publications 

Several  business  publications  including  journals  and 
other  periodicals  were  reviewed  for  a  historical  perspective 
on  the  subject  of  cost  allocations.  Of  particular  interest 
were  writings  which  were  related  to  government  transactions 
and  that  might  be  useful  for  this  research. 

Journals .  Several  articles  have  been  written  on  ways 
to  allocate  costs.  In  July  1964,  Williams  and  Griffin  wrote 
an  article  in  The  Accounting  Review  which  discussed  the 
allocation  of  costs  using  matrix  theory.  Later,  in  October 
1964,  Churchill  recommended  the  use  of  linear  algebra  to 
allocate  costs.  Chiu  and  DeCoster  wrote  on  using  multiple 
correlation  analysis  for  multiple  product  cost  allocations. 
This  research  was  published  in  The  Accounting  Review  in 


1966.  In  1968,  Brief  and  Owen  published  an  article  on  cost 
allocations  in  the  Journal  of  Accounting  Research.  They 
suggested  a  mathematical  model  for  allocations  which  used 
the  generalized  least  squares  model.  Later  in  1971,  Kaplan 
and  Thompson  suggested  the  use  of  linear  programming  to  do 
cost  allocations  of  overhead.  Another  technique  used  to 
allocate  costs  is  a  method  based  on  game  theory.  In  1978, 
Callen  wrote  about  using  the  Shapley  technique  of  game 
theory  for  time-dependent  financial  cost  allocations. 

Beyond  these  purely  mathematical  techniques,  variants 
of  each  have  been  developed  to  consider  nonquantitative 
factors.  For  example,  in  1977  Bodnar  suggested  a  cost 
allocation  method  which  considered  a  behavioral  analysis  of 
joint  cost  allocations  and  transfer  pricing  (30:102-112). 

Thus,  this  portion  of  the  literature  review  suggests 
that  there  are  numerous  ways  (methods  vs  bases)  to  allocate 
costs  and  there  appears  to  be  no  generally  accepted 
methodology.  Ayres’  1985  article  on  cost  allocations 
reinforces  this  point: 

Despite  the  significant  resources  that  have  been 
invested  by  accounting  researchers  in  development  of 
new  cost  allocation  methods  and  in  justifying  the 
preferability  of  their  espoused  method  vis-a-vis  other 
methods,  there  has  been  no  apparent  move  toward 
adoption  of  these  normative  models  in 
practice ...[3:1]. 

Another  interesting  article  that  provides  a  historical 
foundation  for  cost  allocations  was  written  by  Anthony.  In 
the  inaugural  issue  of  The  Journal  of  Cost  Analysis  in  1984, 
he  presented  a  historical  review  of  cost  allocation 


literature,  noting  that  most  of  the  principles  were 

developed  during  the  19th  century.  These  principles 

included  the  distinction  between  direct  and  indirect  costs, 

prime  costs,  fixed  and  variable  costs,  overhead  rates,  bases 

of  overhead  allocation,  job  order  and  process  costing,  and 

by-product  costing.  Anthony  observed  that  by  the  early  20th 

century,  standard  costs  and  variance  analysis  were  discussed 

in  the  literature  and  used  in  practice. 

According  to  Anthony,  the  principle  problem  remained  in 

how  indirect  costs  should  be  allocated  to  products  or  other 

cost  objects.  From  a  historical  viewpoint,  he  observed; 

Fifty  years  ago,  cost  accountants  were  well  acquainted 
with  allocation  techniques,  and  texts  and  academic 
literature  faithfully  reflected  these  practices. 
Beginning  in  the  1940s,  however,  the  literature 
diverged  from  practice,  and  the  divergence  continues 
today ...  Prior  to  1940,  academic  literature  devoted 
considerable  attention  to  cost  allocation.  Of  the 
eight  leading  cost  accounting  texts  published  in  the 
1930s,  each  devoted  a  minimum  of  two  chapters  to  this 
topic,  and  some  had  as  many  as  five.  In  the  1940s  and 
1950s,  however,  a  new  attitude  developed.  Its  general 
theme  was  that  cost  allocations  were  at  best  useless, 
and  at  worst  misleading.  Textbook  authors  discussed 
cost  allocations  briefly  and  disparagingly,  and  they 
discussed  the  topic  at  all  only  because  they  felt  an 
obligation  to  say  something  about  a  commonly  used 
practice,  even  though  they  regarded  it  as  being 
outmoded  [ 1 ; 5  ]  . 

Anthony  generalized  that  the  change  in  educational 
philosophy  on  cost  allocation  occurred  in  1936  with  an 
article  published  by  Harris  which  focused  on  direct  costing. 
Authors  such  as  Robinson  Clark,  Dean,  and  Grant  (all 
managerial  economists  of  the  1940s  and  1950s)  wrote  about 
linear  programming  and  other  operations  research  techniques 


developed  during  and  after  World  War  II  which  fueled  the 

change.  Anthony  notes  that  even  the  noted  economist, 

Samuelson,  compounded  the  problem  with  the  development  of 

microeconomics.  Allocated  costs  were  irrelevant  to  the 

techniques  of  microeconomics.  Next,  when  Higgins  developed 

the  idea  of  responsibility  accounting,  cost  allocations  were 

not  required.  The  new  theme  was  fully  developed  by  the  time 

Horngren  published  the  first  edition  of  Cost  Accounting  in 

1962.  Anthony  went  on  to  discuss  the  errors  involved  in 

steering  away  from  the  subject  of  cost  allocations  and 

provided  examples  of  numerous  authors  including  Horngren  who 

have  now  become  supporters  of  cost  allocations  and  are 

publishing  more  on  the  subject.  In  his  conclusion,  he 

offers  this  advice  to  researchers  in  cost  accounting: 

If  researchers  would  recognize  that  the  solution  to 
these  problems  are  by  no  means  "arbitrary"  in  the  sense 
of  capricious,  some  might  divert  their  work  from 
completely  impractical  problems,  such  as  trying  to 
measure  the  value  of  information,  and  tackle  these 
topics  [1:14]. 

Thus,  from  this  author’s  historical  view,  the  subject 
of  cost  allocations  is  indeed  quite  controversial.  The 
importance  of  allocation  methods  and  the  controversy 
involved  with  the  techniques  currently  used  are  echoed 
throughout  this  thesis. 

Other  Publications .  Among  the  publications  of  value  to 
this  research  are  some  which  evaluate  the  cost  allocation 
techniques  detailed  in  CASE  Standard  418  (8).  Recall  that 
Standard  418  includes  a  discussion  of  how  to  select  a  base 


for  allocating  costs.  Recommended  bases  include  direct 
labor  hours,  direct  labor  cost,  machine-hours,  units-of- 


production,  and  material  cost.  In  a  related  publication 
called  Government  Contract  Accounting.  Bedingfield  and  Rosen 
have  described  the  cost  allocation  techniques  based  on 
CASE’S  Standard  418'- 

(i)  A  direct  labor  hour  base  or  direct  labor  cost 
base  shall  be  used,  whichever  in  the  aggregate  is  more 
likely  to  vary  in  proportion  to  the  costs  included  in 
the  cost  pool  being  allocated,  except  that 

(ii)  A  machine-hour  base  is  appropriate  if  the  cost  in 
the  cost  pool  are  comprised  predominantly  of  facility- 
related  costs,  such  as  depreciation,  maintenance,  and 
utilities,  or 

(iii)  A  units-of -production  base  is  appropriate  if 
there  is  common  production  of  comparable  units,  or 

(iv)  A  material  cost  base  is  appropriate  if  the 
activity  being  managed  or  supervised  is  a  material- 
related  activity  [4:8-57]. 

Similarly,  in  a  1983  issue  of  the  National  Estimator , 
Hassan  described  the  previously  mentioned  bases  for  cost 
allocations  and  stated: 

Machine  Hours.  The  first  basis  for  applying  overhead 
is  machine  hours.  This  technique  is  considered 
appropriate  for  companies  which  have  a  capital- 
intensive  production  process.  However,  determining  the 
number  of  machine  hours  necessary  to  manufacture 
products  is  often  relatively  expensive  when  compared  to 
other  bases . 

Direct  Labor  Hours.  When  the  production  is  labor 
intensive  and  the  pay  scale  is  based  on  seniority, 
direct  labor  hours  may  be  used  to  apply  overhead  to 
products.  This  procedure  will  then  result  in  an 
equitable  allocation  of  overhead  when  calculating  unit 
cost.  However,  determining  the  number  of  direct  labor 
hours  utilized  in  manufacturing  products  is  often  time- 
consuming  and  cost  prohibitive. 


Units  Of  Production.  Companies  which  produce  only  one 
product  or  whose  products  have  approximately  the  same 
volume  or  weight  sometimes  use  units  of  production  as 
the  base  for  overhead  application.  However,  if 
products  take  different  amounts  of  time  to  produce  or 
are  different  regarding  weight  or  volume,  the  units  or 
production  base  will  yield  an  inequitable  distribution 
of  overhead  to  products,  and  therefore,  an 
unrepresentative  unit  cost. 

Direct  Labor  Cost.  The  most  common  method  for  overhead 
application  is  on  the  basis  of  direct  labor  cost.  This 
method  is  appropriate  when  the  production  process  is 
labor-intensive  and  employees  receive  the  same  wages 
for  performing  similar  tasks... This  technique  will 
often  provide  the  best  estimate  of  overhead  cost  per 
product  when  considering  both  cost  and  theoretical 
factors . 

Direct  Materials  Costs.  Allocating  overhead  according 
to  direct  materials  cost  is  theoretically  unsound 
unless  overhead  costs  are  related  directly  to  the  usage 
of  materials ...  However ,  it  sometimes  is  used  as  a 
matter  of  expediency  [29:12]. 

Hassan  also  points  out  that  ordinarily,  management’s 
best  choice  in  selecting  a  cost  allocation  basis  will  be  the 
activity  having  a  cause  and  effect  relationship  with 
production  activity,  and  concurrently  being  relatively 
inexpensive  to  use.  Hassan’ s  summary  remarks  include,  No 
single  activity  base  is  appropriate  for  all  purposes. 
Management  must  select  the  one  it  deems  most  appropriate 
considering  both  cost  and  theoretical  factors  (29:12). 

Based  on  a  review  of  cost  allocation  techniques  as 
viewed  by  Bedingfield  and  Rosen,  Hassan,  and  as  expressed  by 
the  Cost  Accounting  Standards  Board,  several  possible  cost 
allocation  techniques  are  available  and  encouraged  for  use 
in  the  private  sector  and  by  government.  Next,  a  review  of 


the  academic  literature  related  to  the  theory  of  cost 
allocation  techniques  as  used  in  this  thesis  is  presentoii 

Academic  Publications 

Various  indirect  cost  allocation  issues  have  been 
written  about  in  the  accounting  literature.  For  purposes  of 
this  paper,  academic  publications  include  a  survey  of 
textbooks,  journals  (of  an  accounting  research  nature),  and 
research  documents  (i.e.  thesises,  reports,  etc.)  Comments 
will  address  both  accounting  theory  and  previous  research 
that  bears  on  this  document. 

Textbooks .  Among  the  textbooks  reviewed,  The 
Allocation  of  Corporate  Indirect  Costs .  written  by  Fremgen 
and  Liao,  focused  on  answering  three  important  questions 
related  to  indirect  cost  allocations: 

1.  Can  allocations  ever  be  made  reliable? 

2.  For  what  purposes  should  cost  allocations  be  made 
or  not  be  made? 

3.  On  what  bases  should  indirect  costs  be  allocated? 

In  addressing  each  of  these  questions,  Fremgen  and  Liao 

used  a  research  approach  unlike  that  found  in  most  of  the 
literature  reviewed.  From  December  1979  to  January  1980, 


they  sent  766  questionnaires  out  and  surveyed  seven 
industries  grouped  as  follows: 


120 

bank 

6  6 

conglomo rates 

60 

insurance  companies 

90 

retail  firms 

90 

service  companies 

60 

transportation  firms 

280 

manufacturers 

The  results  of  this  survey  identified  the  industries’ 

current  cost  allocation  techniques  and  the  rationale  behind 

their  use.  Prior  to  discussing  the  results  of  the  survey, 

it  is  important  to  address  the  review  of  literature  on  cost 

allocations  presented  by  Fremgen  and  Liao. 

The  authors’  literature  review  included  a  report  on  one 

of  the  most  extensive  and  rigorous  analysis  of  the  validity 

of  cost  allocations.  This  was  accomplished  by  Arthur  L. 

Thomas  who  published  two  studies  on  the  subject  in  1969  and 

1974.  Thomas’  conclusions  were  summarized  as  follows: 

Cost  allocations  are  arbitrary  and  incorrigible. 
Allocations  are  arbitrary  because  they  are  necessarily 
made  on  the  basis  of  someone’s  judgment  as  to  how  they 
should  be  made  and  not  on  the  basis  of  some  logical 
analysis  of  scientific  evidence.  They  are 
incorrigible ...  because  they  can  be  neither  proved 
correct  nor  rejected  as  incorrect.  It  is  impossible  to 
defend  one  particular  allocation  against  all  possible 
allocations  of  the  same  cost  [25:9-10]. 

In  his  1969  study,  considered  a  classic  in  cost 

accounting,  Thomas  suggested  that  manufacturing  overhead 

costs  were  commonly  allocated  to  products  on  the  basis  of 


direct  labor  cost.  He  proposed  that  it  was  impossible  to 
prove  such  an  allocation  any  better  than  one  which  used 
prime  cost,  direct  labor  hours,  or  machine  hours.  Although 


he  opposed  allocations,  Thomas  identified  the  following 
minimum  requirements  for  theoretical  justification  of  an 
allocation  method: 

1.  The  method  should  be  unambiguous. 

2.  It  should  be  possible  to  defend  the  method. 

3.  The  method  should  divide  up  what  is  available 
to  be  allocated,  no  more  and  no  less.  The  allocation  should 
be  additive  ( 39 ) . 

While  Thomas  was  depicted  as  an  opponent  of 

allocations,  Staubus  was  portrayed  as  an  avid  supporter  of 

allocation  methods.  In  their  book,  Fremgen  and  Liao  report 

Staubus’  views  on  allocations: 

Staubus  said  that  the  contention  that  all  allocations 
are  arbitrary  is  a  myth.  Rather,  he  (Staubus) 
suggested,  there  are  good  allocations  and  bad 
allocations.  In  general,  if  it  is  possible  to  measure 
the  transfer  of  services  from  one  activity  to  another 
in  nonmonetary  terms  "with  useful  accuracy,  it  should 
be  possible  to  measure  the  accompanying  transfer  of 
monetary  value  as  well... If  the  physical  transfer  of 
services  cannot  be  measured,  any  cost  allocation  would 
be  bad  and  should  be  avoided  [25:11]. 

Fremgen  and  Liao  then  turned  their  efforts  to  reviewing 
the  literature  which  attempted  to  find  out  how  costs  were 
allocated  and  why.  First,  they  expressed  the  view  that  the 
choice  of  allocation  method  should  follow  a  definition  of 
objectives  and  consistent  criteria.  They  specified  fairness 
or  equity,  benefit,  cause,  neutrality,  independence  of  cost 


objectives,  and  ability  to  bear  as  the  key  criteria.  Each 
criterion  was  explained  as  follows: 

1.  Fairness  or  equity  -  an  intuitively  appealing 
criterion  because  no  one  would  argue  for  unfairness  or 
inequity . 

2.  Benefit  -  a  criterion  where  indirect  costs  are 
allocated  based  on  what  factors/operations  received  the 
benefit  of  the  indirect  costs.  It  is  a  more  operational 
criterion  than  fairness  but  one  that  also  depends  on  human 
judgment  and  which  becomes  more  difficult  to  apply  as  the 
services  become  more  remote  from  the  cost  objectives. 

3.  Cause  -  a  criterion  where  indirect  cost  are 
allocated  in  proportion  to  whatever  factor  or  factors  cause 
those  costs  -  if  those  causal  factors  are  clearly 
identifiable  in  the  cost  objective  to  which  the  allocation 
is  to  be  made. 

4.  Neutrality  -  the  criterion  favored  especially  by 
writers  who  question  the  validity  of  indirect  cost 
allocations  to  begin  with.  It  is  intended  to  lead  to  the 
choice  of  allocation  methods  that  avoid  misleading 
information  and,  thus,  prevent  inappropriate  decisions  and 
inefficient  disputes.  Neutrality  is  a  relative  term. 

5.  Independence  of  cost  objectives  -  this  criterion 
asserts  that  the  allocation  method  should  be  designed  so 
that  the  cost  allocated  to  one  cost  objective  is  not 
affected  by  the  actions  or  events  of  other  cost  objectives 
during  the  period  of  the  allocation. 


6.  Ability  to  bear  -  the  criterion  suggested  only  as 
the  last  alternative,  when  nothing  better  can  be  found.  It 
leads  to  allocation  on  the  basis  of  some  measure  of  the  size 
of  the  cost  objectives. 

Beyond  the  Fremgen  and  Liao  analysis  of  the  criteria 
cited  above,  each  criterion  has  been  addressed  by  different 
authors  and  publications.  For  example,  the  fairness  or 
equity  criterion  was  addressed  in  the  Defense  Acquisition 
Regulations  and  is  identified  as  the  basic  criterion  for 
allocating  cost  to  defense  contracts.  Similarly,  the 
benefit  criterion  was  discussed  by  Wright  and  Bedingfield  in 
a  1973  issue  of  the  Federal  Accountant .  Their  views  were 
summarized  in  the  discussion  of  benefit  enumerated  above. 

The  criterion  cause  has  also  been  written  about  extensively. 
Horngren  supported  this  criterion  and  wrote  on  the  subject 
in  1977.  The  same  year  the  CASB  also  devoted  some  of  their 
attempts  at  standardization  with  a  publication  that 
addressed  cause.  In  1978,  the  Boeing  Company  observed  that 
"the  cause  of  a  cost  is  simply  a  reflection  of  the 
relationship  between  the  cost  and  the  cost  objectives  that 
benefit  from  it"  (25:13-14).  Neutrality  was  discussed 
by  Moriarity  in  1975.  Moriarity  proposed  an  allocation 
method  that  is  neutral  with  respect  to  the  decision  on 
whether  to  provide  a  service  jointly  to  two  or  more  segments 
of  a  firm  or  to  allow  each  segment  to  buy  the  service 


separately.  He  recommended  that  indirect  costs  of  common 
services  be  allocated: 

...by  first  charging  each  segment  with  the  cost  of 
obtaining  its  own  services  separately  and  then 
crediting  each  segment  with  a  share  of  the  total  cost 
savings  from  common  service  in  proportion  to  its 
separate  costs.  This  way  the  cost  allocated  to  any 
segment  is  always  equal  to  or  less  than  the  cost  of  its 
next  best  alternative  [25:14]. 

Moving  on,  Solomons  addressed  the  topic  of  independence 
of  cost  objectives  in  1965,  while  Horngren  did  so  in  ly77. 
Their  philosophy  was  summarized  earlier  when  the  criteria 
were  initially  presented  in  this  chapter.  The  final 
criterion,  ability  to  bear  was  also  discussed  and  supportea 
by  the  CASE  in  1977.  Despite  the  fact  that  there  is  quite  a 
bit  of  literature  written  on  the  criteria  for  cost 
allocations,  Skousen  recognized  that  criteria  had  to  be 
established  before  management  could  choose  acceptable 
allocation  bases  in  accordance  with  those  criteria  (25:l5j. 
This  point  is  vital  to  the  selection  of  allocation  oases  as 
will  be  developed  in  this  thesis. 

Before  reviewing  some  of  the  results  of  the  Fremgen  and 
Liao  survey  and  other  academic  literature,  it  is  important 
to  note  the  objectives  of  indirect  cost  allocations. 

Fremgen  and  Liao  reported  four  basic  objectives  of  cost 
allocations : 

1.  Financial  reporting. 

2.  Planning  a.ad  decision  making. 

3.  Pricing. 

4.  Control  and  performanc  evaluation. 


Now  that  the  hows  and  whys  of  cost  allocations  have 

been  summarized  from  the  theory  as  expressed  by  several 

authors,  it  is  time  to  review  the  survey  results  presented 

in  The  Allocation  of  Corporate  Indirect  Costs .  In  their 

conclusion,  Fremgen  and  Liao  state: 

Despite  the  almost  universal  theoretical  injunctions 
against  allocating  indirect  costs,  most  companies  do 
allocate  them,  at  least  for  some  purposes ...  most  often 
for  purposes  of  performance  evaluation,  yet,  this  is  a 
purpose  for  which  the  theoretical  literature  argues 
that  allocations  are  particularly  inappropriate. 

. . .One  consequence  of  the  widespread  use  of 
allocations,  despite  the  problems  of  making  them  is  a 
wide  variety  of  practices,  especially  in  the  choice  of 
allocation  bases.  No  systematic  patterns  were  observed 
in  this  study.  It  appears  that  allocation  methods  are 
selected  because  they  are  considered  necessary,  not 
because  they  appear  to  be  uniquely  appropriate  in 
specific  circumstances  [25:73]. 

On  the  subject  of  the  selection  of  allocation  bases, 
the  authors  recognized  that  probably  the  most  significant 
procedural  problem  in  allocating  indirect  cost  was  the 
choice  of  an  allocation  base.  Their  survey  tried  to 
determine  what  criteria  industries  were  using  to  select 
bases  and  then  what  bases  were  actually  being  used. 

Responses  to  the  survey  indicated  that  factors  that  cause 
the  indirect  costs  to  be  incurred  and  benefits  received  by 
profit  centers  were  the  most  widely  cited  criteria"  (25:74). 
In  addition,  only  a  few  firms  responded  with  the  criteria 
that  a  profit  center’s  abiiitv  to  bear  a  share  of  indirect 


cost  should  be  a  factor  in  selecting  the  base  for  cost 


allocation.  The  authors’  analysis  of  the  bases  used  in 

Industry  included  the  following  comments: 

...the  allocation  bases  that  were  actually  being  used 
more  often  suggested  ability  to  bear  than  cause  or 
benefit.  In  particular,  when  a  single  allocation  base 
was  used  for  all  cost  items  and  all  purposes,  it  was 
usually  a  very  broad  measure  of  activity  (such  as 
sales,  net  assets,  or  total  direct  costs).  Such  a 
broad  measure  suggests  that  the  allocation  base  is 
simply  the  size  of  each  profit  center,  and  size  is 
clearly  an  indication  of  ability  to  bear,  not  of  cause 
or  benefit.  Cause  and  benefit  should  lead  to  more 
specific  allocation  bases,  such  as  the  number  of 
employees  as  a  base  for  allocating  personnel  costs  and 
computer  time  as  a  base  for  allocating  costs  of  the 
data  processing  f unction ...  If  a  specific  allocation 
base  reflects  factors  that  cause  cost  to  be  incurred, 
the  allocation  is  more  likely  to  be  defensible. 
Conversely,  if  only  a  very  general  base  can  be  found, 
the  allocation  may  be  of  little  value  [25:75-76]. 

Another  point  of  view  concerning  cost  allocations  is 

provided  by  Anthony  and  Young.  In  their  textbook. 

Management  Control  In  Nonprofit  Organizations .  they  provide 

a  detailed  discussion  of  the  cost  accounting  process.  They 

describe  four  fundamental  decision  steps  that  organizations 

use  to  measure  the  total  costs  of  resources  used  for  a 

specific  purpose.  According  to  the  authors,  the  measurement 

of  these  so  called  "full  costs'"  of  goods  or  services 

involves : 

decisions  about  the  definition  of  a  cost  objective,  the 
specification  of  cost  centers,  the  distinction  between 
direct  and  indirect  costs,  the  choice  of  bases  for 
allocating  service  center  costs  to  other  cost  centers, 
the  determination  of  a  "stepdown"  sequence,  the  method 
of  assigning  costs  to  cost  objectives,  and  a  choice 
between  process  and  job  order  accounting  [2:140]. 

An  important  analogy  can  be  made  between  the  accounting 


concept  of  allocating  service  center  costs  to  other  cost 


centers  and  the  maintenance  cost  concepts  being  addressed  in 

this  thesis.  The  current  technique  of  central  stockage  and 

issue  of  common  supply  items  to  various  aircraft  maintenance 

organizations  neccessitates  an  allocation  technique.  As 

Anthony  and  Young  would  say,  the  central  supply  activity 

functions  as  a  service  center  while  the  bench  stock  or  the 

common  items  are  the  costs  to  be  allocated  from  the  service 

center  to  the  other  cost  centers.  Beyond  being  helpful  in 

making  this  comparison,  the  authors  provide  an  interesting 

view  of  the  basis  for  cost  allocations: 

...the  best  basis  for  allocating  the  costs  of  each 
service  center  is  the  one  that  most  accurately  measures 
its  use  by  other  cost  centers. 

...In  deciding  on  allocation  bases,  it  is  important  to 
note  that  generally  increased  precision  adds  to  the 
expense  of  the  cost  accounting  system. 

...The  question  of  deciding  on  allocation  bases  depends 
in  large  part  on  the  uses  management  will  make  of  the 
information.  If  better  information  improves  pricing 
decisions,  or  affects  the  organization’s  reimbursement 
from  clients,  or  influences  the  behavior  of  people 
responsible  for  managing  the  cost  centers,  the  extra 
expense  may  be  worthwhile  [2:140-141]. 

Anthony  and  Young’s  precautions  will  impact  the 

decision  of  how  the  conclusions  reached  in  this  thesis  will 

be  implemented. 

Other  Publications .  Among  the  more  impressive  academic 
publications  reviewed  was  the  encyclopedic  study  on  the 
allocation  of  joint  and  common  costs  written  by  Biddle  and 
Steinberg.  In  their  1984  report,  published  in  the  Journal 
of  Accounting  Literature .  the  authors  critiqued  and 
synthesized  the  major  streams  of  cost  allocation  research 


previously  done.  Their  work  was  designed  to  provide  a 
framework  for  future  research  on  cost  allocations  that  would 
focus  on  how  allocation  methods  should  correspond  to 
management  decisions.  Their  work  provides  valuable  insight 
by  identifying  bases  for  cost  allocations  and  rationale  for 
some  of  these  bases. 

Here  is  what  the  authors  had  to  say  on  joint  allocation 
practices : 

Traditionally,  joint  cost  allocations  have  been 
based  on  information  regarding  either  (1)  physical 
proxies  for  benefits  received  from  joint  factors  or  (2) 
abilities  to  absorb  costs.  Many  of  the  physical 
proxies  appear  to  have  been  chosen  for  convenience  -- 
examples  include  units  of  production,  volumes,  lengths, 
weights  (including  atomic  weights),  and  heat  conten-cs . 
Since  these  measures  will  be  correlated  with  economic 
costs  only  by  chance,  the  resulting  allocations  are  not 
likely  to  be  neutral  [5:11]. 

Biddle  and  Steinberg  continue  with  a  lengthy  discussion 
of  joint  cost  allocations  based  on  economic  theory  and 
estimates  of  relative  sales  value.  This  discussion  provides 
the  rationale  for  cost  allocations  relative  to  the  marginal 
revenue  and  marginal  cost  curves.  The  authors  suggest  t,hat 
part  of  the  process  of  allocating  cost  to  joint  products  is 
the  upper  management  decision  to  identify  the  optimal  output 
mix  (5:8-16) . 

Next,  follows  the  authors’  discussion  of  common  cost 
allocations.  Biddle  and  Steinberg  provide  a  synopsis  of  two 
studies  of  common  cost  allocation  practices.  First,  they 
discussed  a  study  done  by  Mautz  and  Skousen  in  1968  on 
noninventoriable  common  costs  such  as  research  and 
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development,  advertising,  administrative  and  financing 
costs,  and  taxes.  Of  412  firms  studied  (including  212 
"Fortune  500"  firms),  306  indicated  that  common  costs  were 
being  allocated  to  divisions.  Bases  being  used  included 
division  sales,  assets  or  investments,  and  the  number  of 
employees.  However,  no  rationale  was  reported  for  the  use 
or  choice  of  base. 

Biddle  and  Steinberg  also  referred  to  the  Fremgen  and 
Liao  study  previously  discussed  in  this  chapter.  The 
rationale  for  allocating  costs  was  studied  by  Fremgen  and 
Liao  and  reported  by  Biddle  and  Steinberg.  In  general, 
costs  were  allocated: 

...to  remind  profit  center  managers  that  [common]  costs 
exist  and  that  profit  center  earnings  must  be 
sufficient  to  cover  those  costs... 

...to  fairly  reflect  each  profit  center’s  usage  of 
essential  common  services  [5:17]. 

Despite  providing  these  two  reasons  for  doing  cost 
allocations,  no  rationale  was  reported  on  the  choice  of 
allocation  base.  This  is  consistent  with  the  information 
previously  reported  by  this  author  on  Fremgen  and  Liao. 

Next,  Biddle  and  Steinberg  discuss  several  common  cost 
allocation  proposals  including  ones  by  Moriarity  (1975), 
Louderback  (1976),  Gangoliy  (1981),  Balachandran  and 
Ramakrishnan  (1981).  Each  of  these  proposals  is  based  on 
allocation  methods  for  profit  oriented  activities. 
Additionally,  authors  of  these  proposals  devoted  rigorous 
mathematical  treatment  to  their  explanations.  These 


treatments  were  extensive  documentation  of  variants  of  the 


purely  mathematical  methodologies  discussed  earlier  (i.e., 
linear  programming,  matrix  theory,  etc.)  Thus,  since  bases 
and  rationale  for  selecting  bases  were  being  sought,  this 
section  provided  less  utility  to  the  topic  of  this  research 
effort . 

Subsequently,  Biddle  and  Steinberg  proceeded  into  a 
discussion  of  the  history  of  game-theoretic  approaches  to 
cost  allocations.  The  authors  cite  the  works  of  Shapiey 
(1953),  Shubik  (1962),  Littlechild  and  Thompson  (1977),  and 
Verrechia  (1981-82). 

In  concluding,  Biddle  and  Steinberg  assess  the  impact 

of  cost  allocation  literature  and  the  direction  for  future 

research.  The  principle  conclusion  is: 

A  striking  aspect  of  the  cost  allocation  literature  to 
date  is  its  normative  tone.  Equally  striking  is  the 
limited  impact  it  has  had  on  cost  allocation  practices. 
Foremost  among  research  areas  suggested  by  this  study 
is  a  more  thorough  understanding  of  the  motives  for 
allocating  costs  [5:34-35]. 

Chapter  Summary 

The  review  of  literature  has  been  useful  in  providing 
several  examples  of  cost  allocation  bases  that  may  be  used 
to  generate  the  BMS  cost  factor.  In  addition,  several 
statistical  methodologies  were  identified  which  may  be 
useful  as  this  research  continues  into  data  analysis. 
Finally,  the  literature  provided  a  basis  for  assessing  the 
value  of  any  new  cost  allocation  method  which  may  be 
developed  in  this  thesis.  Albeit,  the  common  theme  directlj 


suggested  by  the  authors,  or  as  could  be  deduced  from  the 
literature,  is  that  cost  allocations  need  to  be  directly 
related  to  some  appropriate  cost  driver.  This  theme  must  be 
kept  in  mind  as  this  work  develops  or  validates  the  BMS 
allocation  base. 

Based  on  the  literature  reviewed  there  is  a  variety  of 
cost  allocation  bases.  Among  the  military  publications 
reviewed,  GAO  reported  on  two  potential  bases:  the  number 
of  maintenance  actions  and  direct  labor  hours.  However, 
GAO’s  findings  indicated  that  maintenance  actions  were 
understated  by  a  factor  of  two,  while  direct  labor  hours 
were  found  overstated  by  a  factor  of  two.  These  are 
important  findings  which  may  temper  the  decision  to  allocate 
costs  based  on  maintenance  actions  and  also  suggest  that  the 
current  base  for  allocating  BMS  costs,  maintenance  man- 
nours ,  may  be  questionable.  Other  examples  of  potential 
allocation  bases  were  found  in  RAND  reports.  Novick 
suggested  using  flying  hours  as  an  allocation  base,  but  did 
not  provide  strong  justification.  Conversely,  Marks  defined 
cause  and  effect  relationships  for  maintenance  material , 
provided  meaningful  rationale,  and  suggested  maintenance 
actions  as  an  allocation  base.  Other  bases  were  suggested 
by  the  Cost  Accounting  Standards  Board  (CASB).  Bedingfield 
and  Rosen  discussed  rationale  for  five  bases:  direct  labor 
hours,  direct  labor  cost,  machine-hours,  units-of- 
production,  and  material  cost.  Hassan  wrote  additional 
rationale  for  CASB’s  allocation  bases  and  proposed  a 


hierarchy  for  using  these  bases.  Table  3  summarizes  the 
proposed  allocation  bases. 


Table  3.  Proposed  Allocation  Bases 


Direct  Labor  Hours 
Maintenance  Actions 
Flying  Hours 
Direct  Labor  Cost 
Machine-Hours 
Units -of -Production 
Material  Cost 
Sorties 

Primary  Aircraft  Authorized 


Beyond  the  allocation  bases  reported,  several 
statistical  methods  for  allocating  costs  were  found  in  the 
literature.  Some  of  the  purely  mathematical  methodologies 
reported  included  allocations  based  on  matrix  theory,  linear 
programming,  linear  algebra,  multiple  correlation  analysis, 
generalized  least  squares,  and  game  theory.  Variants  to 
these  methods  were  also  discussed  to  show  that 
nonquant itative  factors  could  be  considered.  Surprisingly, 
Ayres  points  out  that  no  one  methodology  has  been  adopted 
nor  favored  by  users.  Although  several  mathematical 
methodologies  were  reviewed,  this  paper  will  use  multiple 
regression  analysis  to  derive  the  allocation  base. 


Lastly,  this  chapter  has  attempted  to  provide  a  basis 
for  assessing  the  value  of  any  new  cost  allocation  that  may 
be  developed  in  this  research.  The  GAO  studies  and  the 
Desmatics  reports  mentioned  the  need  for  reporting  accuracy 
in  the  maintenance  data  that  may  be  used  for  the  allocation 
base.  In  fact,  the  contracted  studies  helped  to  validate 
the  use  of  direct  labor  hours  as  an  allocation  base.  Thus, 
the  double  check  and  follow  on  study  of  the  cost  estimating 
relationship  developed  in  this  thesis  is  in  order.  Equally 
important  were  the  findings  of  Fremgen  and  oiao  who  not  only 
provided  an  excellent  review  of  the  cost  aij.ocation 
literature  to  date,  but  also  defined  the  criteria  by  whicr. 
cost  allocation  bases  should  be  selected.  These  criteria 
are  fairness  or  equity,  benefit,  cause,  neutrality, 
independence  of  cost  objectives,  and  ability  to  bear.  One 
final  consideration  useful  in  assessing  the  cost  allocation 
models  is  the  objective  of  the  cost  a.Liocation.  As  Fremgen 
and  Liao  report,  those  objectives  are  financial  reporting, 
planning  and  decision  making,  pricing,  and  control  ana 
performance  evaluation.  Each  of  these  guidelines  wiii  be 
useful  throughout  this  thesis. 


This  chapter  describes  and  explains  the  methodology 
used  in  accomplishing  the  research.  It  begins  by  explaining 
how  unallocated  BMS  costs  occur  and  then  defines  the  current 
BMS  allocation  method.  Next,  the  hypothesis  formulation  is 
discussed,  the  actual  research  hypothesis  is  developed,  and 
the  methodology  usea  to  evaluate  the  researcn  hypotheses  is 
presented.  More  specifically,  the  research  population  and 
the  sample  from  which  the  data  are  collected  are  definea. 

The  chapter  concludes  with  a  aiscussion  of  the  data 
collection  method,  the  plan  for  data  analysis,  and  explains 
how  the  results  will  be  used. 

How  Unallocated  BMS  Costs  Occur 

In  order  to  fully  develop  a  comprehensive  methodology 
for  conducting  research  on  the  relationship  between 
unallocated  BMS  costs  and  potential  cost  drivers,  and 
thereby  develop  a  means  for  allocating  these  BMS  costs,  it 
is  necessary  to  explain  how  unallocated  BMS  costs  ocoir. 

This  section  answers  the  first  research  question  which  is  in 
two  parts:  How  are  BMS  costs  determined  and  collected? 

What  makes  up  the  unallocated  BMS  costs?' 

BMS  costs  are  supply  costs  incurred  for  aircraft 
maintenance  performed  at  base  level.  No  costs  are  included 
^or  repairs  that  are  depot  funded.  Depot  funds  are  used  to 
finance  the  more  expensive,  investment  type,  or  structurally 


related  repairs  that  can  prolong  the  life  of  the  weapon 
system.  This  is  somewhat  analogous  to  a  new  car  owner. 

Small  repairs  that  are  done  at  home  like  replacing 
windshield  wiper  blades  or  a  fan  belt  are  done  at  the  owners 
expense.  This  expense  is  equivalent  to  the  BMS  costs  at 
base  level.  When  the  car  owner  needs  a  major  repair, 
perhaps  a  transmission  replacement,  sizable  expenditures 
occur  and  most  times  the  repairs  have  to  be  done  at  a 
special  shop.  Some  aircraft  repairs  work  the  same  way.  The 
transmission  specialty  garage  is  analogous  to  the  Air  Force 
depots.  Only  certain  types  of  costs  are  recorded  as  BMS  and 
these  transactions  are  codified  using  specifically  unique 
alpha  and  numeric  symbols  for  both  DOD  and  USAF.  For 
example,  DOD  Element  of  Expense  (DOD  EE)  codes  are  used  to 
categorize  financial  transactions  by  commodity.  In  the  Air 
Force,  Element  of  Expense/Investment  Codes  (EEIC)  are  used 
to  record  the  commodity  transactions.  Usually,  these 
financial  transactions  are  hierarchical  in  nature.  That  is, 
AF  EEICs  often  summarize  to  DOD  EEs. 

Digressing  to  BMS,  items  are  ordered  through  the  base 
supply  system  for  aircraft  and,  generally,  parts  can  be 
ordered  against  specific  aircraft  using  System  Reporting 
Designator  (SRD)  codes.  However,  some  items  like  bench 
stock  (the  nuts,  bolts,  small  tools,  and  other  parts  that 
are  common  items  from  an  accounting  viewpoint),  cannot  be 
ordered  against  specific  aircraft.  Instead,  these  items 
are  ordered  against  a  specific  maintenance  organization 


68 


Usually  the  Chief  of  Maintenance  account  is  used  to  record 


these  costs. 

Recall  that  a  major  management  objective  was  directed 
for  the  services  and  implemented  as  VAMOSC .  VAMOSC  was 
designed  to  collect  costs  so  that  those  who  had  a  need  for 
information  about  weapon  systems  could  have  a  consolidated 
data  repository.  As  a  result  of  the  current  system,  there 
is  some  degree  of  visibility  of  BM3  costs,  but  only  for  the 
non-bench  stock  supply  items.  Since  there  is  a  need  for  an 
accountability  of  BMS  cost  in  total  by  aircraft  type,  it  is 
necessary  to  create  some  allocation  method  whereoy  tnese 
bench  stock  items  could  be  charged  against  each  type  of 
aircraft.  Thus,  the  development  of  BMS  cost  allocation 
algorithms  now  directed  by  AFR  400-31  (11;  43). 

Current  BMS  Allocation  Method 

The  second  research  question  to  be  answered  is;  What 
procedure  is  currently  used  to  allocate  BMS  costs  to 
specific  MDS  aircraft? 

AFR  400-31,  Volume  II  describes  the  current  BMS 

allocation  method  used  in  VAMOSC.  Chapter  Five,  paragrapn 

5-7a  describes  the  process  as  follows: 

(1)  The  below  depot  maintenance  costs  are  extracted 
from  the  ABDS  (USAF  Standard  Major  Command  Level 
Accounting  and  Budget  Distribution  System)  and 
categorized  and  summarized ...[ 1 1 : 38 ] . 

Paragraph  5-7a(3)  discusses  allocation  of  personnel 

strengths  and  various  costs:  "Both  the  costs  and  strengths 


are  allocated  to  MDS  using  maintenance  man-hours  from  the 
D056A  (Base  Man-hours  Summary  Interface  File)"  (11:38). 


The  BMS  algorithm  is  described  in  AFR  400-31,  Vol  II, 

paragraph  5-7c.  The  algorithm  is  developed  as  follows: 

For  each  of  the  below  depot  maintenance  functions, 
annual  expenses  are  summarized  by  command,  base,  and 
category  (material  expense,  contract,  or  other). 

Then ...  aircraft  maintenance  man-hours  are  summarized  by 
command,  base,  and  MDS  [11:38], 

For  maintenance  functions  witnin  eacn  commana/oase  ana 
for  each  MDS,  this  allocation  ratio  is  used: 


Total  Man-hours,  this  MDS 

AR  -  -  (2) 

Total  Man-hours,  all  MDS 

where : 

AR  =  Allocation  Ratio 

MDS  =  Aircraft  mission,  design,  and  series  numbers 
at  that  base  (i.e.,  T-37B,  T-38A,  etc.) 


Inherent  in  the  use  of  maintenance  man-hours  to 
allocate  below  depot  maintenance  costs,  or  the  more  familiar 
BMS  costs,  is  the  assumption  that  the  uistrioution  of 
maintenance  costs  is  proportionate  to  the  distribution  of 
maintenance  man-hours  (11).  This  assumption  is  made  in  the 
regulation.  During  a  July  1987  interview  with  Lt  Col 
Wallace,  he  suggested  that  there  is  an  implied  assumption 
that  one  maintenance  man-hour  on  one  type  of  aircraft 
generates  the  same  demand  for  supplies  on  another  aircraft 
repaired  by  the  same  maintenance  function  (43).  This  thesis 


will  focus  on  finding  the  appropriate  BMS  cost  driver(s). 


Both  the  guidance  stipulated  in  AFR  400-31  and  excerpts 
of  the  specific  instructions  and  program  processing 
sequences  defined  in  the  System /Sub system  Specification  of 
the  Weapon  System  Support  Cost  Subsystem  ( WSSC )  DSD  D160C 
are  provided  in  Appendices  A  and  B  respectively.  Readers 
desiring  details  on  the  allocation  algorithms  and  data  flow 
are  referred  specifically  to  Appendix  B. 

Hypothesis  Formulation 

The  background  developed  in  this  thesis  and  the 
literature  review  served  as  the  basis  for  identifying 
potential  cost  drivers  which  may  then  be  used  to  allocate 
BMS  costs  following  a  statistical  analysis  and  validation. 
Since  the  current  method  of  allocating  costs  makes  use  of  a 
ratio  of  maintenance  man-hours  per  MDS  to  maintenance  man¬ 
hours  for  all  MDS,  the  hypothesis  formulc-ced  for  further 
investigation  must  be  able  to  evaluate  other  cost  drivers 
besides  man-nours  worKed.  In  addition,  the  literature 
suggests  that  allocations  for  BMS  costs,  as  well  as  other 
types  of  costs,  must  be  impartial;  flexible;  reflect  some 
causal  relationship,  benefit,  or  other  surrogate  measure; 
and  stand  the  test  of  rigorous  mathematical  validation.  In 
addition  to  these  demands,  data  on  the  potential  cost 
drivers  should  be  relatively  easy  to  obtain  and,  if 
possible,  be  available  in  some  automated  data  base  to  allow 


ease  of  statistical  manipulation. 


Potential  cost  drivers  are  reported  in  Table  3  of  the 
previous  chapter.  However,  the  cost  drivers  that  will  be 
evaluated  in  this  thesis  as  possible  bases  for  cost 
allocations  are  those  which  have  been  tracked  in  VAMOSC  or 
are  readil/  available  at  MAJCOMs.  They  include  flying 
hours,  sorties,  primary  aircraft  authorized,  and  maintenance 
man-hours.  Each  of  these  was  discussed  in  the  literature 
review  and  based  on  discussions  with  Lt  Col  Wallace  and 
other  financial  experts,  each  is  a  likely  candidate  to  be  a 
good  cost  driver  for  unallocated  BMS  costs  (43). 

Now  that  several  potential  allocation  bases  have  been 
defined,  it  is  logical  to  try  to  model  the  relationship 
between  these  bases  and  cost.  Since  regression  analysis  is 
a  statistical  tool  which  uses  "the  relation  of  two  or  more 
quantitative  variables  so  that  one  variable  can  be  predicted 
from  the  other,  or  others  (33:23),  it  will  be  used  to 
develop  a  model.  Regression  analysis  techniques  are  not 
uncommon  to  the  Ai"  Force.  AFR  173-13  requires  the  use  of 
least  squares  regression  analysis  to  compute  attrition 
factors  (peacetime  flying  losses)  by  MDS  (19:106). 
Additionally,  regression  analysis  is  one  of  the  techniques 
often  used  to  allocate  costs  or  to  identify  bases  for  cost 
allocations  as  mentioned  in  the  literature  review.  This 
technique  will  be  used  to  determine  the  best  or  strongest 
variable(s)  which  can  be  used  to  predict  BMS  costs.  The 
variables  so  identified  will  be  used  in  Eq  (2). 


-  ••  .  '■  ■ 
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Answering  the  third  research  question  will  lead  to  the 
research  hypothesis.  The  assumptions  previously  specified 


in  Chapter  1  apply.  Recall  the  third  research  question: 

What  parameters  besides  maintenance  man-hours  might  be  used 
to  allocate  BMS  costs? 

In  order  to  answer  the  question,  the  following  research 


hypothesis  is  proposed: 


Y  ,  =  +  b.X.,  + 

ubms  0  1  fh  2  paa 


^  '^4^mmh  ^S^dbms  ^  i 


where : 


=  the  hypothesis  that  unallocated  aircraft 
^  maintenance  costs  exhibit  the  relationships  and 

properties  of  a  linear  regression  model  of  the 
following  form  (or  some  variant  thereof) 

Y  ,  =  unallocated  BMS  cost  by  base 

ubms 

b^,  b. ,  b2.  bo,  b. ,  and  bo  are  parameters  to  be 
determined  by  solving  the  model 

Xo,  =  a  known  constant  representing  flying  hours  by 
fh  , _ 


X  =  a  known  constant  representing  pri.mary 

authorized  aircraft  by  base 

X  o  =  a  known  constant  representing  sorties  flown  by 
base 


X 


mmh 


a  known  constant  representing  maintenance  man¬ 
hours  by  base 


^dbms 


a  known  constant  representing  direct  BMS  cost  by 
base 


=  a  random  error  term  with  a  mean  E(f^)-0  and 
variance  =  <7^ 


Population  of  Interest 

The  research  population  of  interest  is  all  the  aircraft 
by  MDS  assigned  to  the  Air  Training  Command  (ATC).  Although 
BMS  cost  factors  and  allocations  are  computed  for  every 
aircraft  in  the  Air  Force  inventory,  the  population  has  been 
restricted  to  ATC  due  to  the  time  constraints  associated 
with  conducting  hypothesis  testing  for  all  possible 
regression  models  using  1  to  4  independent  variables  and 
over  100  aircraft.  Hopefully,  a  regression  model  developed 
in  this  research  will  be  generalizable  to  other  Air  Force 
aircraft,  especially  with  like  characteristics. 

Hq  AFLC/ACCE,  the  Office  of  VAMOSC,  is  responsible  for 
maintaining  data  on  weapon  systems  by  MDS.  Historical  data 
is  maintained  for  aircraft  maintenance  man-hours,  flying 
hours,  primary  aircraft  authorized,  and  base  maintenance 
supplies  costs.  The  population  of  interest  in  VAMOSC 
contains  306  observations,  where  one  observation  is  counted 
for  each  base’s  BMS  cost,  flying  hours,  primary  aircraft 
authorized  by  year  (for  FY  1981-86)  and  by  command  and  MDS. 

Sample  Selection 

From  the  given  population,  a  stratified  sample  was 

extracted  to  obtain  data  for  FY  84-86  for  these  ATC  bases: 

Laughlin  AFB,  Tx 
Columbus  AFB,  Ms 
Reese  AFB,  Tx 
Vance  AFB,  Ok 
Williams  AFB,  Az 
Randolph  AFB,  Tx 
Mather  AFB,  Ca 
Sheppard  AFB,  Tx 
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These  bases  represent  the  flying  training  mission  for 


ATC.  In  order  to  be  included  in  the  sample  set,  the  ATC 
base  had  to  conduct  flying  training  in  either  the  T-.37B, 
T-38A,  or  the  T-43  aircraft.  Because  only  ATC  training 
aircraft  are  reviewed,  this  sample  is  considered  a 
stratified  sample.  Walizer  and  Wienir  state  that  a 
stratified  sample  is  a  "procedure  in  which  the  population  is 
separated  into  categories  or  strata  prior  to  the  selection 
of  the  elements"  (41:436).  The  sampling  technique  used 
should  contain  a  sufficient  number  of  responses  to  be 
representative  of  the  training  aircraft  BMS  costs  in  ATC. 

The  research  is  expected  to  adhere  to  Dominowski’s  views  on 
sampling,  ""What  is  desired  is  a  representative  sample,  one 
whose  measurement  will  adequately  represent  the  measurements 
in  the  population"  (22:167). 

Data  Collection 

Data  like  that  in  Table  4  were  obtained  from  Hq 
.4FLC/ACCE  (VAMOSC)  and  L3MC/SMMA  for  this  study.  Table  4 
shows  a  sample  of  the  VAMOSC  data  used  in  this  thesis.  It 
was  extracted  from  the  Weapon  System  Support  Cost  (WSSC) 


subsystem  of  VAMOSC. 


Table  4.  Sample  of  VAMOSC  Data 
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Additionally,  data  on  maintenance  man-hours  and  sorties 
flown  were  obtained  separately  from  the  ATC  Directorate  of 
Cost  ( Hq  ATC/ACC).  ATC  only  provided  sortie  and  maintenance 
man-hour  data  for  FY  84-86.  Prior  to  the  statistical 
analysis,  the  data  provided  by  VAMOSC  was  sorted  by  command 
and  geographic  location  in  order  to  obtain  data  by  specific 
oases.  Next  a  second  sort  was  generated  to  select  only  the 
T-.38A,  and  T-4.'3  aircraft.  This  resulted  in  sample 
sise  of  48  observations  representing  the  eight  ATC  flying 
training  bases  and  data  for  FY  81-86.  A  24  observation 
sample  (three  years  data  for  eight  bases)  was  then  extracted 
to  match  the  sortie  and  maintenance  man-hour  data  provided 
by  ATC.  This  new  data  set  is  subsequently  analyzed  for 
consistency  and  regressed  to  help  determine  an  appropriate 


cost  driver  for  allocating  the  BMS  costs. 


The  procedures  which  will  be  used  to  analyse  the  data 
ana  that  are  addressed  in  this  section  include  correlation 
matrix  analysis,  several  regression  techniques,  and  a 
variety  of  statistical  tests. 

Correlation  Matrix .  Initially,  a  correlation  matrix  is 
created  with  the  data  set  to  determine  the  correlation 
between  the  independent  and  dependent  variables  ( BMS  cost  is 
the  dependent  variable)  and  to  see  how  Gorreia^ed  the 
/ariables  are  with  each  other.  Looking  at  the  correlation 
matrix  assists  in  determining  which  variables  should  be 
modeled.  Generally  speaking,  the  matrix  can  indicate 
whether  independent  and  dependent  variables  are  related 
significantly  and  can  also  give  a  preliminary  indication  of 
w:.ich  independent  variable  would  be  first  to  enter  a 
computerised  regression  model. 

Regression  Analysis  Techniques .  Three  regression 
techniques  will  be  addressed.  First,  concepts  associatea 
wiin  least  squares  regression  will  be  presented  followed  by 
o  discussion  of  stepwise  regressions.  Finally,  the  anaiysi;: 
of  variance  (ANOVA)  approach  to  regression  is  depicted. 

Each  type  of  regression  technique  will  be  used  at  various 
stages  of  the  research  effort. 

I 

Least  Squares  Best  Fit  ( LSBF ) .  Concepts  i 

associated  with  the  least  squares  method  for  fitting  a  | 

regression  line  to  a  set  of  observed  data  are  important  to  ' 


the  analytical  approach  used  in  this  effort.  Recall  from 


the  research  hypothesis  above  that  a  regression  model  of  the 
form: 


Y  ,  ::  +  b.X«,  +  br)X  +  boX  „  ■'■t><X  ,  +  bj-X,, 

ubms  0  1  fh  2  paa  3  sf  4  mmh  5  dbms 

is  the  general  model  used  to  represent  the  relationship 

between  cost  drivers  and  unallocated  BMS  cost.  Testing  will 

be  accomplished  to  determine  the  appropriate  regression 

model  and  its  parameters.  The  data  provided  for  this  thesis 

will  be  used  to  determine  the  parameter  coefficients,  b^  - 

be,  as  needed.  The  method  of  least  squares  is  a  teennique 
t 

for  finding  good  estimators  of  b^  -  b^.  In  order  to  explain 
the  procedure,  the  model  '’^ubms  ~  ^ 

discussed.  According  to  Applied  Linear  Regression  Models 
(33)  then,  for  each  sample  observation  ‘^fh’  "ubms^'  the 
method  of  least  squares  considers  the  deviation  of 
from  its  expected  value: 


Y  ,  -  (b„  +  b.X., 

ubms  0  1  fh 


LSBF  requires  that  the  sum  of  ail  the  squared 


deviations  of  Y  ,  be  a  minimum.  Using  standard  notation, 
ubms 


the  least  squares  criterion  is  denoted  by  Q- 

o 


MIN  Q  =  L (Y^  -  Bq  -  ) 


(  3  ) 


The  algebraic  formulas  for  computing  B^,  and  B,  are; 


where 


=  an  estimator  of  the  slope  of  the  regression  line 

Bq  =  an  estimate  of  the  y-intercept  of  the  equation 

=  the  observed  values  of  the  independent  variables 

=  all  observed  values  of  the  dependent  variable 

X  =  the  mean  value  of  the  independent  variable 

Y  =  the  mean  value  of  the  dependent  variable 

LSBF  Example .  As  principles  of  LSBF  will  be  used 

in  the  analysis  chapter,  an  example  of  how  LSBF  works  is  in 

order.  A  small  data  set,  arbitrarily  chosen  by  the 

researcher,  will  be  analyzed. 

Table  5  shows  the  algebraic  computations  for  LSBF  using 

these  values  for  X„,  and  Y  , 

th  ubms 

^fh  ^ubms 


Table  5.  LSBF  Sample  Computations 
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Estimating  Equation: 
Y  =  1  +  2.5X^, 


Sum  [  XY  -  n  XY  ] 


Sum  [X  -  n  X  ] 
41  -  3{2)(6) 


14  -  3(2)“" 

a  =  Y-bX::6-2.5(2)  = 


Stepwise  Regression .  Although  there  are  several 
techniques  which  can  be  used  to  perform  regression  analysis, 
the  stepwise  procedure  described  by  Neter  ^  al  in  Applied 
Linear  Regression  Models  is  used  to  initially  specify  models 
to  be  evaluated.  Stepwise  regression  allows  researchers  to 
develop  insights  into  the  relationships  between  the 
independent  variables  and  the  dependent  variable.  Since  it 
is  used  for  "exploratory  analysis,"  it  is  not  guaranteed  to 
give  the  best  model  for  the  data  nor  to  provide  the  modej. 

9 

with  the  highest  R^"  (.33).  The  following  four  stepwise 
regression  techniques  are  proposed  for  analyzing  the  data: 

1.  Forward  Selection  -  begins  with  no  variables 
in  the  model  and  in  an  iterative  process  adds  variables  one 
by  one  based  on  satisfying  an  established  F  statistic 
criteria.  The  forward  technique  adds  the  variable  which  has 
the  largest  F  statistic  to  the  model. 

2.  Backward  Elimination  -  begins  by  calculating 
statistics  of  a  model  including  all  the  independent 
variables.  Then  variables  are  deleted  one  by  one. 

Variables  deleted  are  those  showing  the  least  contribution 
to  the  model  as  measured  by  the  F  value. 

3.  Stepwise  -  is  similar  to  forward  selection 
except  that  variables  entered  do  not  necessarily  remain. 
Stepwise  adds  variables  based  on  significant  F  value, 
searches  all  variables,  and  as  needed  deletes  those  that  do 
not  produce  a  significant  F  value. 
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tries  to  find  the 


4 .  Maximum 

best  one-variable  model,  the  best  two-variable  model,  etc, 

2 

even  though  it  is  not  guaranteed  to  find  the  highest  R  for 

each  model  type.  In  this  technique,  variables  are  added 

2 

(based  on  their  contribution  to  increasing  the  R  ),  then 
compared  to  the  variables  not  in  the  model  to  see  if 
switching  variables  will  further  increase  the  R  .  This 
switching  is  a  key  difference  from  stepwise  (33). 

Each  of  these  procedures  will  be  used  to  statistically 
analyze  the  sampled  data.  The  next  regression  procedure 
that  is  addressed  is  analysis  of  variance. 

Analysis  of  Variance  ( ANOVA ) .  ANOVA  tables  will  also 
be  produced  to  allow  for  comparison  of  the  models  and  to 
evaluate  the  hypothesis  tests.  Table  6  shows  the  key 
elements  of  the  ANOVA  table.  ANOVA  tables  supporting  the 
findings  in  this  research  will  be  frequently  analysed. 

Table  6.  ANOVA  Table 


Source  of 
Variation 

Degrees  of 

F  reedom 

Mean 

Sauar 

e 

Regression 

SSR  = 

^  —  9 

Z (Y. -Y)“ 

p-1 

MSR  = 

SSR 

p-1 

Error 

SSE  = 

Z(Y. -Y)^ 

n-p 

MSE  = 

SSE 

n-p 

Total  SSTO  =  Z(Y^-Y)^ 
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ANOVA  tables  will  be  used  to  develop  statistical  tests 
to  check  for  multicollinearity  and  also  are  an  excellent 
source  for  summary  statistics. 

Statistical  Tests .  Once  regression  models  have  been 
identified,  several  statistical  tests  need  to  be  conducted 
in  order  to  properly  evaluate  the  modeled  data.  This 
section  will  discuss  tests  of  association  for  variables,  the 
F  statistic  used  to  assess  model  linearity,  the  t  statistic 
used  to  evaluate  regression  properties  in  variables  and 
their  coefficients,  and  finally  will  focus  on  aptness  of 
model  evaluations. 

2 

Coefficient  of  Multiple  Determination  ( R  )  -  R 
measures  how  much  variation  in  the  dependent  variable  can  be 

o 

accounted  for  by  the  model.  ranges  in  value  from  0  to  1 

and  represents  the  ratio  of  the  sum  of  squares  for  the  model 

divided  by  the  sum  of  squares  for  the  corrected  total.  Said 

2 

another  way,  as  R  increases  toward  1,  the  more  the  total 
variation  of  Y  is  reduced  by  introducing  the  independent 
variable  X  assuming  all  other  X  remain  constant  (3.3). 

Walizer  and  Wienir  suggest  ranges  at  Table  7  to  allow 
researchers  to  assess  the  strength  of  the  association 
between  the  independent  variables  and  dependent  variables 


•  p2 

using  R  . 


Table  7. 

2 

R  Association 

Measures  (41:4.36) 

th  of  Assoc 

:iati.Qq 

Appropriate  Value 

s  of 

Weak 

.15  or 

less 

Moderately 

Weak 

.  16  - 

.  30 

Moderate 

.  31  - 

.41 

Moderately 

Strong 

.  42  - 

.  63 

Strong 

.  64  or 

more 

Neter  et  ai  derines  the  coetticient  ot  multiple 
determination,  or  R“ ,  as  follows: 


SSR 

SSTO 


SSE 

SSTO 


where 


and  where 


0  <  R^  <  1 


the  regression  sum  of  squares.  It  is  a 
sum  of  squared  deviations,  each  deviation 
being  the  difference  between  the  fitted 
value  of  the  regression  line  and  the  mean 
of  the  fitted  values. 

SSR  =  i:(Y.  -  Y.)^ 

the  error  sum  of  squares  or  residual  sum  of 
squares.  If  SSE  =  0,  all  observations  fall 
on  the  regression  line.  The  larger  the 
SSE,  the  greater  the  variation  of  the  Y 
observations  around  the  regression  line. 


SSTO 


=  the  total  sum  of  squares.  If  SSTO  =  0,  all 
observations  are  the  same.  The  greater  the 
SSTO,  the  greater  the  variance  among  the  Y 
observations . 

SSTO  =  -  Y)^ 

2 

R  =  the  coefficient  of  multiple  determination 

and  measures  the  proportionate  reduction  of 
the  total  variation  in  Y  associated  with 
the  use  of  the  set  of  variables  X.,  ,  .  .  .  ,  X 
[33:241,422-423] .  i  P  i 

2 

Neter  ^  ^  suggest  that  since  R  is  a  ratio  of  sums  of 

squares  and  the  denominator  is  constant  for  all  possible 
2 

regressions,  R  varies  inversely  with  SSE.  However,  SSE  can 

never  increase  as  additional  independent  variables  are 

2 

included  in  the  model.  Also,  R  will  be  a  maximum  when  all 

the  potential  variables  are  included  in  the  model.  In 

2 

general  the  larger  the  R  ,  the  better  the  model  fits  the 

2 

data.  In  evaluating  the  potential  model,  R  is  a  measure 
which  will  be  reviewed  to  try  to  obtain  as  high  a  value  as 
possible  relative  to  the  guides  in  Table  7. 

Adjusted  Coefficient  of  Multiple  Determination  - 

9 

When  looking  at  the  R‘'  statistic,  caution  should  be  used.  As 

O 

previously  noted,  the  R*^  can  be  artificially  increased  as 

more  independent  variables  are  brought  into  the  regression 

2  2 

equation.  Since  this  is  true,  the  adjusted  R  (R  )  value 

3. 

also  evaluated. 

Neter  defines  the  adjusted  ,  as  follows: 

^  (  n  -  1  )  SSE 

R*^  -  1  - - 

^  (  n  -  p  )  SST' 


where  SSE,  SSTO,  n,  and  p  are  defined  as  i*-:  !■ 
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The  may  actually  become  smaller  when  another 
independent  variable  is  introduced  into  the  model  because 
the  decrease  in  SSE  may  be  more  than  offset  by  the  loss  of  a 
degree  of  freedom  in  the  denominator  n  -  p  (33:242). 

£  Value  or  £  Ratio  -  The  F  value  is  a  ratio 
created  by  dividing  the  mean  square  of  the  model  by  the  mean 
square  for  the  error.  The  F  test  tells  how  well  the  model 
as  a  whole  accounts  for  the  behavior  of  the  dependent 
variable.  The  value  represents  the  ratio  of  the  explained 
to  the  unexplained  variation  and  is  used  to  test  the 
hypothesis  that  the  regression  coefficients  are  equal  to 
zero.  The  reason  for  testing  whether  or  not  the  regression 
coefficients  are  equal  to  zero  is  that  when  all  the 
coefficients  equal  zero,  there  is  no  linear  relationship 
between  the  dependent  and  independent  variables.  A  large  F 
value  supports  the  conclusion  that  the  dependent  variable 
(in  this  case,  the  unallocated  BMS  costs)  is  related  to  the 
independent  variables  (perhaps  one  or  a  combination  of : 
sorties,  primary  aircraft  authorized,  flying  hours,  and 
maintenance  man-hours)  in  the  regression  equation. 

Generally  speaking,  the  F  value  is  calculated  using  the 
observations  in  the  sample  and  compared  to  a  value  obtained 
from  a  statistical  table.  Neter  describes  when  to  use  the  F 
test  for  regression  relations: 


To  test  whether  there  is  a  regression  relation 
between  the  dependent  variable  Y  and  the  set  of 
variables  . ^p-1’  choose  between 

alternatives  [33:240]: 

Hq:  =  Bg  =  .  .  .  =  Bp_j^  =  0 

not  all  Bj^(k=l ,  .  .  .  ,  p-1 )  =  0 
we,  use  the  test  statistic: 

*  MSR 

F  =  -  (8) 

MSE 


where  MSR  and  MSE  are  defined  as  before. 

The  decision  rule  used  in  conjunction  with  this  F  test 
is : 


If 

F* 

< 

(1  ~  a  ; 

P  -  1. 

n  -  p) , 

Conclude 

H, 

If 

F* 

> 

(1  -  a  ; 

P  -  1. 

n  -  p) , 

Conclude 

H 

where 

a  =  the  confidence  level;  some  fraction  between  0 
and  1  expressed  as  a  decimal  (e.g.,  a  .95 
confidence  level  means  95%  of  the  time  some 
condition  is  true;  5%  of  the  time  it  is  not. ) 

?  =  the  number  of  X  variables  in  the  model 

n  =  the  number  of  observations  in  the  sample  (33:241) 

For  example,  assuming  a  95%  confidence  level,  a  set  of  seven 

observations  which  model  a  simple  regression  equation  in  one 

independent  variable  would  produce  the  following  table 

statistic  for  F: 

F(  a;  p,  n-p)  =  F* 

F( .95;  1,  6)  =5.99 


So  in  this  case,  the  criterion  for  rejecting  the  hypothesis 
that  the  regression  coefficients  equal  zero  and  that  no 


I 

I 


I 

I 

I 

I 


linear  relation  between  the  X  term(s)  and  Y  exists  is  for 
the  calculated  F  statistic  to  be  greater  than  the  table  F 
statistic  of  5.99. 

Prob  2  £  ~  This  statistic  explains  the 

significance  of  the  regression. equation  and  represents  the 

probability  of  obtaining  a  larger  F  value  if  the  independent 

variable(s)  used  equal  zero.  For  purposes  of  evaluating  the 

models  and  selecting  a  "best  fit,"  this  statistic  will  be 

not  be  calibrated  because  there  is  no  guarantee  that  the 

potential  cost  drivers  will  be  significant.  Therefore  the 

author  will  report  the  actual  value  of  the  model  with  the 
2 

highest  R  value  and  most  significant  Prob  >  F  value.  Then 
Walizer’s  association  criteria  will  be  used  to  draw 
conclusions  about  the  strength  of  the  model. 

I  Statistic  -  This  statistic  can  be  used  to  test 
several  hypotheses  concerning  the  parameter  coefficients  and 
also  used  to  compute  prediction  intervals  for  estimates  of 
the  dependent  variable.  Neter  st  ai  gives  a  formula  for  the 
t-test  used  to  see  if  individual  fegression  coefficients 
equal  zero.  Thus,  for  the  hypotheses: 


=  0 
/  0 


t*  = 


s(bj ) 


(9) 
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where 


t  =  the  calculated  t  statistic 

=  the  regression  coefficient  for  of  the  sample 
=  some  specified  nonzero  value 
s(b^)  =  the  standard  error  of  the  estimate 

The  decision  rule  when  controlling  is: 

If  It*  I  i.t(l  -  a;  n  -  p),  Conclude  Hq 
If  It* I  >t(l-a;  n-p),  Conclude 
where  t(l  -  a:  n  -  p)  comes  from  a  table.  T  tests  will  be 
conducted  on  potential  models  to  assess  if  the  intercept  and 
other  parameter  coefficient  values  are  significant.  Note 
that  if  the  intercept  values  prove  insignificant,  this  t 
test  suggests  that  the  intercept  can  be  assumed  to  equal 
zero.  This  helps  simplify  the  form  of  the  regression 
equation. 

Prob  2  i  “  This  test  statistic  explains  the 
significance  of  the  parameter  estimates  in  the  regression 
equation.  In  this  research  project,  the  criteria  for 
measuring  the  significance  of  a  parameter  and  will  be 
established  at  .80  as  Neter  suggests  (33).  As  with  the  Prob 
>  F,  it  is  important  to  report  the  best  model  given  the  data 
set  and  selected  potential  cost  drivers.  However,  Neter’ s 
criteria  will  be  reviewed  as  conclusions  are  developed  about 
the  parameter  coefficients. 

Aptness  of  Model  Assessments .  Beyond  the  tests 
designed  to  measure  the  strength  of  the  model  in  terms  of 
its  linearity,  significance,  and  validity  of  parameter 


a»a~A»A'  AWrti 


estimates,  analyses  will  evaluate  the  aptness  of  the  model 
for  the  data.  These  analyses  include: 

1.  Residual  Analysis  -  Residuals  are  the 
difference  between  the  observed  value  of  the  dependent 
variable  and  the  fitted  value  expressed  as  the  regression 
equation.  Residuals  are  represented  as  the  error  term  in 
regression  equations  and  are  denoted  e  or  e  .  Residual 
analysis  will  be  used  to  check  if  the  assumptions  about  the 
linearity  of  the  model  are  correct,  to  see  if  there  is 
consistency  in  the  variation  of  the  error  terms  (a  property 
of  regression  equations),  and  to  see  if  outliers  are 
present.  Residual  analysis  usually  involves  a  graphic 
analysis.  Figure  6  shows  the  systematic  patterns  of  the 
residual  plots  that  can  be  used  to  detect  problems. 


Residual  plot  (a)  in  Figure  6  shows  the  schematic  of 
the  general  shape  of  a  plot  of  residuals  if  a  linear  model 
has  been  specified.  In  (b)  there  is  an  indication  that  a 
curvilinear  regression  function  be  used,  while  (c)  shows  a 
problem  caused  by  an  apparent  nonconstancy  of  the  error  term 
variance  which  is  depicted  as  increasing  with  X.  Residual 
plots  versus  time,  as  shown  in  (d) ,  suggest  non- independence 
of  error  terms,  or  autocorrelation  (another  regression 
property  is  the  error  terms  are  independent).  This  plot  may 
also  suggest  that  an  important  variable,  perhaps  time,  has 
been  omitted  from  the  regression  model.  In  each  of  these 
cases  the  residuals  have  been  plotted  against  an  independent 
variable.  Residuals  can  also  be  plotted  against  the 
observed  value  of  the  dependent  variable  (Y)  in  order  to 
study  the  constancy  of  error  variance.  Thus,  residual  plots 
will  be  evaluated  during  the  analysis  of  the  sampled  data. 

Outlier  Evaluation  -  Outliers  are  extreme 
observations  and  can  be  observed  in  residual  plots.  They 
are  usually  data  points  far  beyond  the  plot  of  the  other 
residuals.  Outliers  may  be  considered  with  respect  to  the 
independent  variable  (X)  or  the  dependent  variable  (Y)  or 
both  X  and  Y.  Outliers  tend  to  draw  the  fitted  regression 
line  towards  that  extreme  observation’s  X  and/or  Y  value. 
Statistical  tests  which  can  be  used  to  verify  the  presence 
and  affect  of  outliers  are  discussed  next. 

1.  Qatliers  with  respect  Xq  1  -  beyond  visual 
recognition  of  an  outlier  with  respect  to  X,  the  leverage 
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value  is  computed  to  measure  the  distance  of  a  given 
observation’s  location  compared  to  the  average  value  of  all 
the  other  observations’  X  values.  A  large  leverage  value 
means  that  a  given  observation  is  located  away  from  the 
center  of  the  X  values.  The  way  to  evaluate  if  the  leverage 
value  is  significant  is  to  compare  it  to  the  value  of  two 
times  the  number  of  parameters  in  the  model  divided  by  the 
total  number  of  observations,  or  if  the  leverage  is 
considerably  larger  than  those  of  the  other  observations. 

2.  Outliers  with  respect  X  -  Residuals  can 
also  show  a  Y  value  that  is  extreme  or  that  is  farther  from 
the  fitted  regression  line  compared  to  the  other  Y  values. 
The  Studentized  Deleted  Residual  value  for  each  observation 
will  be  used  to  evaluate  this  condition.  The  absolute  value 
of  the  studentized  deleted  residual  is  compared  to  the  t 
statistic  when  the  alpha  value  is  set  to  .05  with  n  -  1  -  p 
degrees  of  freedom,  where  n  is  the  number  of  observations  in 
the  sample  and  p  is  the  parameters  in  the  model.  One  is 
subtracted  from  n  because  one  observation  is  deleted  from 
the  sample  in  computing  the  studentized  deleted  residual. 

If  the  absolute  value  of  the  studentized  deleted  residual 
exceeds  the  value  from  the  t  table,  then  the  observation  is 
considered  extreme  with  respect  to  Y  and  deserves  further 
evaluation. 


3.  Inf.Iuengg  Diagnostics  -  Once  outliers  are 
identified,  they  will  be  tested  to  see  if  they  are 
influential  in  affecting  the  fitted  regression  line.  Cook’s 
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D  is  the  statistic  that  will  be  used  to  evaluate  an  outliers 


for  possible  influence.  When  computed,  Cook’s  D  is  compared 
to  the  value  obtained  for  the  F  ratio  for  F(p,  n  -  p)  at  a 
50%  level  of  confidence.  If  the  computed  Cook’s  D  value 
exceeds  the  value  of  the  F  ratio,  the  observation  is 
considered  influential.  An  observation  meeting  this 
criteria  can  be  influential  with  respect  to  X  or  Y  or  both 
depending  on  the  observation’s  leverage  value  or  studentized 
deleted  residual  value  or  both. 

Mult icol linearity  -  This  is  the  condition  that  exists 
when  the  independent  variables  are  correlated  with 
themselves.  Multicollinearity  in  a  model  can  cause  the 
regression  coefficients  to  change,  a  lack  of  significance 
for  individual  independent  variables  despite  the  model  being 
significant,  and  can  cause  variance  in  the  extra  sum  of 
squares  (extra  sum  of  squares  will  be  analyzed  using  ANOVA 
tables).  The  impact  of  multicollinearity  can  also  be 
observed  when  a  unit  increase  in  a  independent  variable  (X), 
given  the  other  independent  variables  are  held  constant,  may 
not  produce  as  complete  a  change  in  the  dependent  variable 
as  could  have  occurred  if  the  other  regression  coefficients 
for  the  independent  variables  were  not  in  the  model.  This 
suggests  instability  of  the  regression  coefficients  for  the 
independent  variables  and  suggests  testing  for  collinearity . 

Variance  Inflation  Factor  ( VIF) .  The  variance 
inflation  factor  (VIF)  is  a  way  of  detecting  possible 
multicollinearity  in  a  model  by  measuring  the  increase  in 


the  variances  of  the  estimated  regression  coefficients  when 
variables  are  added  to  the  model.  VIF  is  computed  as; 


where 


(10) 


VIF  =  variance  inflation  factor 
2 

R  =  the  correlation  of  the  identified 

variable  with  other  model  variables 

Notice  the  denominator  of  the  VIF  equality.  If  VIF 
approaches  1,  then  no  collinearity  is  indicated:  while  large 
values  of  the  VIF  indicate  multicollinearity .  Again,  Neter 
suggests,  if  the  VIF  is  greater  than  10,  multicollinearity 
is  presumed  to  exist  (33:392). 

Each  of  the  items  identified  in  the  section  called  Data 
Analysis  Techniques  must  be  evaluated  in  order  to  identify 
the  best  variable(s)  related  to  cost.  Once  this  is  done  the 
variable(s)  will  be  applied  to  BMS  cost  allocation  formula. 


Integrating  Findings  into  the  Allocation  Formula 

If  the  regression  model  that  best  depicts  the 
relationship  to  the  unallocated  BMS  cost  is  a  one  variable 
model  and  the  intercept,  b^ ,  is  not  signif icantly 
different  from  0  (Prob  >  t  value  is  greater  than  .2)  then 
the  allocation  formula  would  be  the  same  as  equation  (2) 
except  the  new  variable  would  be  substituted  for  man-hours. 
However,  if  the  appropriate  model  turns  out  to  be 
multivariate  and/or  the  intercept  is  significant,  tnen  the 
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assumption  must  be  made  that  the  regression  coefficients 
must  be  the  same  for  all  bases.  Therefore  the  formula  would 


have  to  be  modified  to  allocate  costs  to  each  base  based  on 
this  relationship: 


where 


ubms 


1/N  bQ  +  b^X^  +  . . .  +  b^X^ 


(11) 


N  =  the  number  of  MDS  per  base 


Chanter  Summary 

This  chapter  presented  the  BMS  allocation  algorithm,  the 
hypothesis  development,  the  research  hypothesis,  and  the 
methodology  to  be  used  for  data  analysis.  Also  discussed 
were  the  derivation  of  the  population  and  sample  data,  and 
several  statistical  procedures.  Initially,  a  correlation 
matrix  will  be  used  to  try  to  determine  which  variables 
should  be  modeled.  Then  stepwise  regression  techniques  will 
be  used  for  an  exploratory  analysis  of  possible  models. 

Then  a  variety  of  statistical  tests  will  be  conducted  and 
ANOVA  tables  will  be  produced  to  help  identify  and  select 
the  "best"  model.  This  model  which  will  then  be  used  to 
select  an  allocation  base  or  bases  and  then  recommend  a 
change  to  the  allocation  calculation.  Statistical 
results  will  be  summarized  in  tabular  form  in  Chapter 
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Chapter  Qy^ryisw 

This  chapter  presents  the  data  selected  for  analysis, 
describes  the  analyses  performed,  and  presents  the  results 
of  the  efforts  described  in  Chapter  IV.  In  order,  the 
data  will  be  described,  the  correlation  matrix  and 
regression  analyses  will  be  discussed,  and  the  results  of 
the  statistical  testing  will  be  presented. 

Data  Description 

As  previously  mentioned,  data  for  the  analysis  was 
provided  by  Hq  AFLC/ACCE,  LSMC/SMMA,  and  Hq  ATC/ACC/ACB 
experts.  This  section  describes  the  data  in  terms  of  the 
independent  and  dependent  variables  used  to  conduct  the 
regression  analyses. 

Independent  Variables .  There  were  five  independent 
variables  selected  for  analysis  in  this  thesis.  The 
following  are  the  variable  names  used  in  the  regression  runs 
and  a  brief  description  of  what  was  included  or  meant  by  the 
data  collected  for  each  variable: 

1.  Primary  Aircraft  Authorized  (PAA)  -  This  actually 
was  a  surrogate  measure  for  the  number  of  aircraft  assigned 
to  each  base.  The  source  for  this  input  was  AFLC/ACCE 
(the  VAMOSC  Office).  The  reason  this  variable  is  considered 
a  surrogate  is  because  the  actual  data  recorded  in  the 
VAMOSC  subsystem  is  the  possessed  hours  of  each  aircraft  by 
base.  At  the  end  of  the  year,  these  possessed  hours  are 
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divided  by  the  total  number  of  hours  per  day  times  365  days 
in  a  year.  Thus,  in  this  research  project,  PAA  is  actually 
a  surrogate  measure  for  the  number  of  aircraft  assigned  to  a 
base.  Readers  should  understand  that  aircraft 
accountability  is  not  a  simple  process  of  a  base  obtaining  a 
certain  number  of  airplanes  to  perform  its  flying  mission 
for  a  year.  Throughout  the  year,  aircraft  are  loaned, 
shipped  off  to  the  air  logistic  centers  in  the  Air  Force  for 
major  repairs,  or  sent  to  participate  in  special  missions 
where  a  commander  does  not  have  the  aircraft  available  for 
use.  Since  an  airbase’s  mission  and  readiness  capability 
are  directly  associated  with  the  number  of  available 
aircraft,  the  "possessed"  system  provides  commanders  with  a 
truer  picture  of  the  readiness  state  of  their  wings  and  does 
not  penalize  them  when  aircraft  are  loaned,  etc.  Data  on 
PAA  was  provided  for  all  years  and  for  every  ATC  base 
reviewed  in  this  study.  The  data  is  rounded  to  two  decimal 
places.  PAA  should  show  a  positive  relationship  with  the 
dependent  variable,  unallocated  BMS  cost  because  a  greater 
need  for  bench  stock  and  common  type  items  is  expected  the 
more  aircraft  are  possessed. 

2.  Flying  Hours  (FLYHRS)  -  For  purposes  of  this 
study,  flying  hours  are  the  aggregate  number  of  hours  flown 
by  all  aircraft  at  each  ATC  base.  The  information  on  FLYHRS 
was  provided  by  experts  at  Hq  ATC.  Several  cost  analysts  at 
ATC/ACC  are  responsible  for  maintaining  weapon  system  data 
for  the  bases  studied  in  this  thesis.  These  analysts  were 


contacted  by  the  researcher  and  provided  the  flying  hour 
data  used  for  this  analysis.  According  to  these  analysts, 
all  flying  hour  data  were  verified  with  the  Operations 
Directorate  at  Hq  ATC.  Again,  data  were  provided  for  all 
bases  and  all  years.  Flying  hours  were  reported  to  the 
nearest  hour.  It  was  expected  that  as  flying  hours 
increased,  so  too  would  the  amount  of  unallocated  costs. 

3.  Sorties  (SORTIES)  -  This  variable  measured  the 
number  of  "trips  "  for  all  aircraft  for  the  year.  A  sortie 
is  counted  each  time  a  plane  takes  off  for  a  mission,  does 
not  abort,  and  returns  or  lands  at  its  destination  point. 
Sorties  were  provided  by  Hq  ATC  cost  analysts  and  were 
reported  for  all  bases  and  all  years.  This  complete  data 
set  was  reported  in  whole  numbers  of  sorties. 

4.  Maintenance  Man-hours  (MAINT_HR)  -  This  is  a 
compilation  of  the  hours  that  represent  the  direct  work 
performed  on  all  aircraft  at  the  bases.  The  numbers  were 
reported  by  LSMC/SMMA  and  are  reported  in  whole  hours .  They 
represent  the  sum  of  all  the  reported  hours  taken  from  the 
numerous  AFTO  Forms  349  discussed  in  Chapter  II.  Man-hours 
were  reported  for  all  years  at  all  bases. 

5 .  Direct  Base  Maintenance  Supplies  Cost  ( DBMSCOST )  - 
Dollars  reported  for  this  variable  were  extracted  from  the 
VAMOSC  data  bases  maintained  by  LSMC/SMMA  programmers  at 
Wright-Patterson  AFB,  Ohio.  The  dollars  reported  were  the 
actual  amounts  for  each  fiscal  year  and  base  that  related  to 
the  flying  hour  program  for  training  in  T-37,  T-38,  and  T-43 


aircraft.  They  represent  the  dollars  that  are  used  to 
perforin  organic  maintenance  on  aircraft  at  the  ATC  bases. 

In  the  scheme  of  the  current  allocation  algorithm  for  BMS 
costs,  DBMSCOST  represents  the  amount  spent  on  aircraft 
maintenance  by  all  maintenance  activities  except  the  Chief 
of  Maintenance.  Costs  were  provided  for  all  bases  and  all 
years  in  then  year  dollars  (those  dollars  actually  spent  in 
that  year).  These  amounts  were  adjusted  to  base  year  1986 
constant  dollars  using  the  following  conversion  factors 
taken  from  the  USAF  Raw  Inflation  Indices  issued  29  December 
1986  (18): 


Year 

Inflation  Factor 

84 

.  940 

85 

.972 

86 

1.000 

Beyond  the  need  to  convert  the  dollars  to  a  common  base,  it 
is  expected  that  as  direct  maintenance  expenditures  increase 
so  will  the  unallocated  amount  increase. 

Dependent  Variable .  The  dependent  variable  for  this 
study  is  the  unallocated  base  maintenance  supplies  cost,  or 
UBMSCOST .  Figures  for  UBMSCOST  were  also  obtained  from 
LSMC/SMMA  and  represent  the  cost  of  bench  stock  and  common 
items  not  specifically  attributed  to  aircraft  by  MDS  and 
primarily  accounted  for  in  the  Chief  of  Maintenance  account. 
Dollars  representing  UBMSCOST  were  available  for  all  years 


and  all  bases.  However,  the  amounts  were  again  provided  in 
then  year  dollars  and  were  then  converted  into  1986  base 


year  dollars  based  on  the  inflation  factors  above.  Table  8 
shows  the  data  provided  for  this  research. 


Table  8.  Air  Training  Command  BMS  Data 


YR  PAA  FLYHRS  SORTIES  MAINT.HR  DBMSCOST  BASE  UBMSCOST 


84 

189.22 

98976 

81001 

1000878 

12294652 

COLUMBUS 

80207 

85 

185.79 

92618 

76407 

855416 

10501973 

COLUMBUS 

136143 

86 

179.32 

87828 

70547 

1594762 

9328695 

COLUMBUS 

150022 

84 

191.93 

99699 

80675 

1153400 

12496517 

LAUGHLIN 

65707 

85 

185.11 

93359 

66047 

680737 

10010683 

LAUGHLIN 

95929 

86 

180.12 

84649 

61046 

623762 

8440706 

LAUGHLIN 

101186 

84 

68.83 

36577 

22151 

393195 

2103864 

MATHER 

78973 

85 

66.96 

34390 

20548 

229362 

1931722 

MATHER 

71710 

86 

50.79 

22414 

19920 

307870 

1502604 

MATHER 

84423 

84 

110.29 

53652 

44325 

670959 

10779860 

RANDOLPH 

1129516 

85 

106.36 

46636 

38002 

456302 

6258337 

RANDOLPH 

1513919 

86 

115.24 

55709 

45426 

568547 

6149872 

RANDOLPH 

311647 

84 

185.04 

93784 

77520 

1069188 

11180826 

REESE 

227377 

85 

175.61 

88111 

72610 

501180 

10375912 

REESE 

386781 

86 

172.77 

83482 

64236 

958332 

9064644 

REESE 

364558 

84 

169.27 

81834 

62257 

595832 

471197 

SHEPPARD 

120360 

85 

166,49 

87551 

66870 

490035 

633296 

SHEPPARD 

92602 

86 

167.03 

86035 

66920 

573072 

510524 

SHEPPARD 

43591 

84 

203.20 

96809 

79478 

643668 

9247398 

VANCE 

146996 

85 

197.23 

96255 

69421 

486392 

8833041 

VANCE 

156513 

86 

207.24 

75905 

75052 

504593 

5353440 

VANCE 

257528 

84 

183.49 

100891 

97468 

1116482 

13966793 

WILLIAMS 

99230 

85 

174.24 

100921 

69129 

1057308 

11488000 

WILLIAMS 

0 

86 

180.04 

99578 

80917 

1071971 

10560634 

WILLIAMS 

0 

Analysis  oi.  Sample  Data 

Recall  from  Chapter  IV  that  data  were  collected  for  all 
ATC  bases  which  had  a  flying  training  mission.  However, 
some  bases  had  incompatible  data  and  thus,  were  eliminated 
to  produce  a  final  sample  data  set.  A  subjective  assessment 
and  a  statistical  analysis  were  used  to  refine  the  data. 


Sub.iective  Analysis .  Note  that  the  ATC  flying  training 
program  is  represented  by  the  bases  shown  in  Table  8. 
However,  Sheppard  AFB  Texas  has  a  contractor  operated 
maintenance  function,  and  the  type  of  aircraft  maintenance 
performed  was  non-standard.  Thus,  this  base  was  eliminated 
from  consideration.  This  was  done  to  preserve  the 
homogeneity  of  the  data  set.  A  statistical  analysis  of  the 
remaining  data  points  was  then  accomplished. 

Statistical  Analysis .  Once  Sheppard  was  eliminatea 
from  the  data  set,  the  remaining  21  observations  were 
reviewed  again,  this  time  using  computer  programs  to  perform 
residual  analyses.  Outliers  were  initially  identified  using 
the  residual  plots  of  each  variable.  Williams,  Randolph, 
and  Mather  consistently  appeared  as  outliers  on  the  residual 
plots  suggesting  a  more  detailed  analysis.  Subsequently, 
leverage,  studentized  deleted  residual  (SDRESID),  and  Cook’s 
D  statistics  were  calculated  for  all  one  variable  models 
created  with  the  data  set.  Close  analysis  of  these 
statistics  and  the  values  of  the  variables  in  the  dara  set 
led  to  several  findings. 

Data  inconsistencies  were  noted  at  all  thi'ee  bases. 
Specifically,  Randolph  had  unusually  high  unallocated  BMS 
costs  in  FY  84  and  FY  85  ($1,129,516  and  $1,51.3,919  compared 
to  the  FY  86  value  of  $311,647).  Williams  had  similar 
inconsistencies  for  FY  85  and  FY  86  data.  No  unallocated 


BMS  costs  were  reported  for  those  years  implying  that  there 
were  no  expenses  for  bench  stock  supply  items.  Intuitively, 


this  suggests  that  these  costs  are  mixed  in  with  the  direct 
BMS  costs  figures.  Notwithstanding,  there  is  most  likely  an 
error  in  the  recording  of  UBMSCOST  at  Williams  for  FY  85  and 
FY  86. 

When  the  leverage  and  SDRESID  values  were  evaluated, 
two  bases  (Randolph  and  Mather)  reflected  observations 
considered  outliers  to  the  data  set.  The  outlier  statistics 
are  summarized  in  Table  9.  Values  in  Table  9  are  reported 
only  where  outlier  statistics  were  indicated. 


Table  9.  Outlier  Statistics  for  UBMSCOST 


Leverage 

SDRESID 

Cook’ s 

D 

Base 

YR 

Max 

Act 

Max 

Act 

Max 

Act 

Randolph 

84 

- 

- 

1.734 

2.4705 

.719 

.  2508 

85 

- 

- 

1.734 

4.8545 

.719 

,  2513 

86 

- 

- 

- 

- 

- 

- 

Mather 

84 

.  1905 

.  2125 

- 

- 

.  i'19 

.  1751 

85 

.  1905 

.2195 

- 

- 

.719 

.  1955 

86 

.  1905 

.  2864 

- 

.719 

All  observations  in  Table  9  are  outliers;  however, 


based  on  the  Cook’s  D  statistics,  none  are  influential. 

Neter  suggests  that  outliers  may  be  eliminated  from  the  data 
set  when  influential.  Although  Randolph  data  are 


rx/y.-i/. 


» •rw  If ir«  iTw  ir*  \rw  vr»  \jw  \rw  \ry  '/w  ‘.tt  \-if  vi*\n#  v>  \rwv^^rw\f%  v*  v>rL^r;n»  \r»  U” 


noninf luential  outliers,  the  author  concluded  that  the  order 
of  magnitude  difference  between  fiscal  years  for  UBMSCOST 
values  indicated  possible  data  reporting  errors  and  resulted 
in  Randolph’s  exclusion.  Therefore,  the  author  elected  to 
remove  Randolph  from  the  data  set,  despite  the  Cook’s  D 
results.  Notice  also  from  Table  9  that  FY  86  data  was  not 
problematic  (no  outlier  indicated).  In  order  to  preserve 
data  consistency,  the  author  decided  if  any  base’s 
observations  needed  to  be  eliminated,  all  the  observations 
for  that  base  were  eliminated. 

Based  on  Table  9  and  other  knowledge  of  Mather,  it  was 
kept  in  the  final  data  set.  Although  the  outliers  are  not 
influential,  the  question  remained,  "Why  does  Mather  show  up 
as  an  outlier?"  Since  Mather  is  the  primary  ATC  base  for 
navigator  training  and  is  also  the  only  base  which  uses  the 
T-43  aircraft,  its  statistics  are  inconsistent  with  the 
other  ATC  bases.  Thus,  Mather  is  included  in  order  to 
maintain  the  continuity  of  this  research  objective,  that  is 
identify  a  BMS  cost  allocation  method  for  all  aircraft  MD3 . 

Lastly,  Williams  did  not  appear  as  an  outlier  based  on 
a  review  of  leverage,  SDRESID,  and  Cook’s  D.  However,  based 
on  the  fact  that  no  expenditures  are  indicated  for  FY  85  and 
FY  86,  the  author  also  decided  to  eliminate  Williams  from 
the  data  set. 

The  remaining  15  observations  were  expected  to  produce 
more  significant  results  because  of  the  elimination  of 
Sheppard,  Randolph,  and  Williams  (this  later  proved  to  be 
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Having  selected  and  identified  the  variables  to  test 

using  regression  analysis,  a  correlation  matrix  was  obtained 

to  evaluate  the  assumption  that  each  independent  variable 

correlated  positively  with  UBMSCOST .  Below  are  the  results 

of  this  analysis,  displaying  the  independent,  variables,  or 

the  potential  cost  drivers,  and  each  variable’s  coefficient 

of  determination,  R*" .  Also,  though  there  were  positive 

coefficients  of  determination  for  the  cost  drivers,  none  of 

2 

the  values  for  R  indicated  a  strong  relationship  with 
UBMSCOST  based  on  the  Walizer  association  criteria: 


Cost 


Strength  of 


PAA 

0. 1198 

Weak 

FLYHRS 

0.0690 

Weak 

SORTIES 

0. 1167 

Weak 

MAINT  HR 

0.0048 

Weak 

UBMSCOST 

0.0503 

Weak 

At  this  point,  the  researcher  developed  a  stepwise 
regression  program  to  assess  these  variables  and  also  to  see 
if  a  regression  model  could  be  built.  Initially,  an  F  test 
significance  level  of  0.15  was  selected  as  the  criterion  for 
allowing  variables  to  enter  the  model.  This  significance 
level  means  that  there  is  85%  confidence  that  the 


coefficients  of  the  variables  entering  the  model  do  not 
equal  zero.  Before  describing  what  happened  during  the 


stepwise  regression  procedure,  Table  10  displays  the 

2 

variables  developed  in  this  study  and  their  corresponding  R 
values,  F  values,  and  Prob>F  for  the  single  variable  and 
prior  to  any  variable  entering  the  stepwise  regression  model 
to  attempt  to  define  possible  multivariate  models. 


Table  10 .  Variable  Statistics  Prior  to  Stepwise  Entry 


Variable 

Model  R" 

FLYHRS 

0.0690 

0 . 9633 

0 . 3443 

PAA 

0.1198 

1.7693 

0.2063 

SORTIES 

0 . 1167 

1 .7179 

0 . 2126 

MAI NT  HR 

0 . 0048 

0.0030 

0.8058 

DBMSCOST 

0.0503 

0.6889 

0.4215 

R^«r9S5i<?n  fiajsylts 

Given  the  original  variables,  a  stepwise  regression 
program  was  applied  to  the  data.  At  a  15%  significance 
level,  no  variable  met  the  criteria  to  be  modeled. 
Therefore,  the  level  of  significance  for  entrance  into  the 
model  was  adjusted  to  0.2,  0.3,  and  0.4  in  succession. 
During  the  successive  runs,  only  two  variables  entered  the 
model.  Table  11  shows  the  variables  that  entered  the  model 
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and  the  model  R“  values  under  the  0.2,  0.3,  and  0.4 
significance  levels.  Subsequent  regression  runs  using  both 
forward  and  backward  elimination  techniques  were  used  to 
confirm  the  models  suggested  at  the  different  significance 


levels.  Both  procedures  produced  identical  results  and  are 
shovm  in  Table  11. 


Table  11.  Stepwise  Models  at  the  0.2,  0.3, 
and  0.4  Entry  Significance  Level 


Significance 

Level 

Variables 

In  Entry  Order 

Model 

r2 

0.20 

None 

N/A 

0 . 30 

PAA 

.  1108 

0 . 40 

PAA 

.  1778 

FLYHRS 

Thus,  the  stepwise  regression  suggests  two  models  to 

express  a  relationship  between  UBMSCOST  and  the  independent 

variables  PAA  and  FLYHRS.  However,  these  models  are 

2 

relatively  weak  as  indicated  by  their  R  value  and 
significance  level.  These  suggested  models  and  one 
additional  potential  model  are  listed  in  Table  12  and  vjiil 


be  further  analysed: 


.Toviv  v.v'l’vt 


Table  12.  Suggested  Regression  Models 


r2 

F 

Value 

Prob>F 

T 

Value 

Prob>T 

Parameter 

Estimate 

Mbdgl-A 

Intercept 

PAA 

1198 

1.769 

.  2063 

.573 

1.330 

.5763 
.  2063 

49,868.31 

678.91 

Model  B 

Intercept 

FLYHRS 

0690 

.  963 

.  3443 

.855 
.  981 

.  4080 
.  3443 

76,502.73 

1.06 

Model  C 
Intercept 
PAA  & 

FLYHRS 

1778 

1.297 

.  3090 

.691 

1.260 

-.920 

.  5027 
.  2316 
.  3758 

61,066.97 

2,258.62 

-3.39 

Model  Statistical  Analyses 
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Coefficient  of  Determination  (E_)  Analysis .  Both 

Models  A  and  C  were  suggested  by  the  stepwise  technique. 

Model  B  is  being  analyzed  in  conjunction  with  the  two- 

variable  Model  A.  Additionally,  each  model’s  statistical 

strength  and  validity  will  be  assessed.  Since  Model  C  has 

the  strongest  coefficient  of  multiple  determination,  ,  it 

will  be  discussed  first.  Model  C  regressed  FLYHRS  and  PAA 

against  UBMSCOST  and  has  an  R^  value  of  .1778.  It  is 

admittedly  a  weak  model  based  on  the  Walizer  criterion. 

2 

However,  Model  C’s  R  value  is  larger  than  any  of  the  one- 

variable  models  summarized  in  Table  10.  Notice  from  Model  A 

2 

that  when  PAA  alone  is  modeled,  the  R  value  is  ,1198.  The 
addition  of  FLYHRS  into  the  model  results  in  an  increase 
of  .0582  to  R^ .  This  means  that  FLYHRS  accounts  for  only 


I 


a  .0582  increase  in  explaining  the  variation  from  the 
regression  line  and  does  not  significantly  explain  the 
variation  from  the  regression  line.  Thus,  it  appears  that 
PAA  explains  more  of  the  variation. 

£  Statistic  Analysis .  Next,  an  analysis  of  the  F 
values  will  help  judge  model  linearity.  As  can  be  seen  from 
Table  12,  regression  Model  C  has  a  F  value  of  1.297  and  is 
statistically  significant  at  the  .3090  level  of 
significance.  Compared  to  Model  A  however,  Model  C  is  not 
as  significant  as  Model  A  is.  Model  A,  which  regressed  PAA 
individually,  shows  a  higher  F  value  and  more  favorable 
significance  level  than  Model  C  (1.769  vs  1.297  and  .2063 
vs  .3090  respectively).  Therefore,  when  FLYHRS  enters  the 
model,  the  F  value  and  Prob>F  decline  indicating  that  FLYHRS 
is  not  a  significant  variable  for  explaining  unallocated  BMS 
cost . 

T  Statistic  Analysis .  Now,  the  t  statistics  will  be 
evaluated  for  the  models.  T-tests  for  both  the  parameter 
estimates  and  the  intercepts  will  be  addressed.  Once  again 
referring  to  Table  12.  the  variable  PAA  in  Model  A  provides 
the  most  significant  results.  It’s  t  value  is  1.330  at 
the  .2063  level  of  significance.  This  compares  to  PAA's  t 
value  of  1.260  at  the  .2316  level  of  significance  in  Model 
C.  Recall  that  Model  C  includes  both  variables,  PAA  and 
FLYHRS.  Reflecting  again  on  Table  12,  notice  that  the  t 
statistic  for  FLYHRS  has  gone  from  a  positive  value  of  .981 
in  Model  B  to  the  negative  value  of  -.920  in  Model  C.  This 
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seems  to  provide  some  "informal"  evidence  as  Neter  ai  ^ 
would  say  that  serious  multicollinearity  exists  (33:390). 
Formal  analyses  will  assess  multicollinearity  later. 

As  suggested  earlier,  an  analysis  will  be  made  of  the 
intercepts  for  the  proposed  models  to  see  if  the  intercepts 
can  provide  insights  on  the  specification  of  the  model.  As 
a  benchmark,  if  t  statistics  for  the  parameter  estimates  are 
not  significant,  there  is  a  possibility  that  the  value  of 
the  intercept  is  zero,  thus  passing  through  the  origin  on  a 
Cartesian  coordinate  scale.  This  intuitively  simplifies  the 
regression  equation  and  is  appealing.  Albeit,  Model  A’s 
intercept  value  is  least  significant,  compared  to  Models  B 
and  C,  and  is  appealing  in  that  there  is  a  fairly  good 
chance  that  the  A’s  intercept  equals  zero  based  on  its 
Prob>T  value  of  .5763.  Model  C’s  intercept  is  a  bit  more 
significant  at  .5027.  Model  B’s  intercept  is  the  most 
significant  (.4080)  indicating  that  it  is  the  least  liKely 
of  the  three  models  to  be  zero. 

Regression  Coefficient  Analysis .  Another  informal  test 
for  multicollinearity  requires  the  analysis  of  the  estimated 
regression  coefficients,  otherwise  known  as  parameter 
estimates.  Observing  from  Table  12,  the  parameter  estimate 
for  PAA  in  Model  A  is  678.91  and  the  value  of  the  parameter 
estimate  for  PAA  in  the  two-variable  Model  C  is  2258.62. 


This  is  a  significant  difference  and  suggests  possible 
multicollinearity . 


Neter  ^  ^  suggests  that 


an  analysis  be  done  on  the  coefficients  using  the  "extra  sum 
of  squares"  (33:277-278).  Table  13  provides  the  statistics 
for  this  analysis. 

Table  13.  Analysis  of  Extra  Sum  of  Squares 


(a) 

Regression  of  UBMSCOST 

on 

PAA  and  FLYHRS 

Y  =  61066.97  +  2258.62  X. 

i 

-  3.39  X,-, 

where ;  =  PAA  and 

Xg  =  FLYHRS 

Source  of 
Variation 

SS 

df 

MS 

Regression 

SSR(X  .X^)  26855061126 

2 

MSR(X. ,X.) 

13427530567 

Error 

ssErxt.xr)  124213446202 

12 

MSR(xf ,x;) 

10351120517 

Total 

SSTO  ^  151068507328 

14 

X  c 

(b) 

Regression  of  UBMSCOST 

on 

PAA 

Y  =  49868.32  +  678.91 

PAA 

Source  of 
Variation 

SS 

MS 

Regression 

SSR(X. )  18097606011 

1 

MSR(X. ) 
MSR(X, ) 

18097606011 

Error 

SSE(Xj)  132970901318 

13 

10223530871 

Total 

SSTO  151068507328 

14 

1 

(c) 

Regression  of  UBMSCOST 

on 

FLYHRS 

Y  =  76502.73  +1.06  FLYHRS 

Source  of 


Variation 

SS 

df 

MS 

Regression 

SSR(X„) 

10421589171 

1 

MSR(X.) 

10421589171 

Error 

SSE(X^) 

140646918157 

13 

MSR(X^) 

10818993704 

Total 

SSTO 

151068507328 

14 

Note  from  Table  13a  that  the  error  sum  of  squares  ( SSE J 

where  both  PAA  and  FLYHRS  are  included  in  the  model  is 

SSECX^.Xg)  =  124,213,446,202.  When  FLYHRS  are  included  in 

the  model,  the  SSE(X2)  is  equal  to  140,646,918,157  as  shown 

in  Table  13c.  Since  the  variation  in  Y  when  X2  alone  is 

considered  is  140,646,918,157  but  is  124,213,446,202  when 

both  Xj^  and  X2  are  considered,  the  difference  is  attributed 

to  the  effect  of  X^ .  Neter  explains  why: 

...when  two  independent  variables  are  uncorrelated,  the 
marginal  contribution  of  an  independent  variable  in 
reducing  the  error  sum  of  squares  when  the  other 
independent  variable  is  in  the  model  is  exactly  the 
same  as  when  this  independent  variable  is  in  the  model 
alone  [33:274]. 

This  leads  to  the  following  equation  that  allows 

further  analysis  of  Table  13: 

SRR(X^1X2)  =  SSE(X2)  -  SSE(X^,X2)  (12) 

Application  of  Eq  (12)  to  Table  13  suits  in: 

26,855,061,126  =  140.646,918,157  -  124.213,446,202 

26,855,061,126  16,433,471,955 

Empirical  evidence  is  thus  given  to  the  existence  of 

severe  collinearity  between  the  variables  PAA  and  FLYHRS. 

In  fact,  the  Pearson  correlation  coefficient  (r)  for  these 

two  variables  is  . 9581  and  results  in  a  very  strong 
2 

relationship  (R  =  .92)  between  these  two  variables. 

Another  formal  method  of  testing  for  multicollinearity 
is  through  an  analysis  of  the  Variance  Inflation  Factors 


(VIF).  In  chapter  IV,  a  criterion  was  described  based  on 
Neter : 

The  largest  (VIF)j^  among  all  X  variables  is  often  used 
as  an  indicator  or  the  severity  of  multicollinearity . 

A  maximum  (VIF),,  in  excess  of  10  is  often  taken  as  an 
indication  that  multicollinearity  may  be  unduly 
influencing  the  least  squares  estimates  [33:392]. 

Here  are  the  Variance  Inflation  Factors  resulting  from 

special  diagnostics  requested  for  Model  C  in  Table  12: 

VARIABLE  VIF 

PAA  12.1888 

FLYHRS  12.1888 

Once  again,  there  is  evidence  of  a  strong  correlation 
between  PAA  and  FLYHRS.  This  collinearity  undoubtedly 
influences  the  choice  of  the  unallocated  BMS  cost  models 
given  in  the  original  set  of  potential  cost  drivers  and 
other  findings  in  this  analysis. 

Research  Conclusion 

Stepwise  regression  analyses  suggest  these  two  models 
for  evaluation: 

Model  A:  UBMSCOST  =  49868.32  +  678.91  PAA 

Model  C:  UBMSCOST  =  61066.97  +  2258.62  PAA  -  3.39  FLYHRS 

Detailed  analysis  and  statistical  testing  were  conducted  on 

2 

the  coefficients  of  determination  (R  ) ,  F  values  and  their 
significance,  t  values  and  their  significance,  intercept 
values  and  their  significance,  and  the  regression 
coefficient  for  all  models.  The  analyses  point  to  the 
existence  of  multicollinearity  between  the  variables  in 


111 


Model  C  and  suggest  the  use  of  Model  A  as  the  model  that 
best  depicts  a  possible  relationship  with  unallocated  base 
maintenance  supplies. 

Due  to  the  intuitive  appeal  of  a  simpler  model  and 

because  of  the  insignificant  value  of  the  intercept  term, 

the  author  suggests  that  Model  A  be  reduced  to  Model  D: 

Y  ,  .  =  678.91  X  This  equation  forces  the 

ubmscost  paa 

intercept  of  the  model  through  zero.  This  also  simplifies 
the  application  of  the  regression  model  to  the  allocation 
ratio.  Based  on  these  results  the  application  ratio  would 
be  based  on  PAA  vice  MAINT_HR  as  currently  specified  in  AFR 
400-.31.  Specifically,  Model  D  coupled  with  the  extremely 
low  R^  between  MAINT_HR  and  UBMSCOST  suggests  this 
allocation  algorithm  as  a  substitute  for  the  allocation 
algorithm  for  the  chief  of  maintenance  activities 
specified  in  AFR  400-31: 

Total  PAA,  this  MDS 

pjl  -  -  (13^ 

Total  PAA.  all  MDS 

An  example  of  an  allocation  is  presented  to  show  the 
effect  of  the  new  allocation  formula  with  PAA.  Table  14 
provides  a  sample  calculation  for  Vance  AFB  for  FY  86  using 
the  current  method  and  data  from  Table  8.  The  Vance 
allocation  is  then  recomputed  using  the  variable  PAA  as 


proposed  by  this  study. 


Table  14.  Allocation  of  BMS  Cost  Example 


Aircraft  MDS 

Maintenance 

Man-hours 

Primary  Aircraft 
Authorized 

T-37B 

248,798 

116.98 

T-38A 

255,795 

90 . 26 

Total 

504,593 

207.24 

Amount  to  allocate  (UBMSCOST):  $257,528 


Current  Allocation 

T-37B 

248,798 

-  =  .49307 

504,593 

$257,528  X  .49307  = 

$126,978 

T-38A 

255,795 

-  -  .50693 

504,593 

$257,528  X  .50693 

$130,549 


Proposed  Allocation 

T-37B 

116.98 

-  =  .56447 

207.24 

$257,528  X  .56447  = 

$145,478 

T-38A 

90 . 26 

-  z  .43553 

207 . 24 

$257 ,528  X  . 43553 
$112 , 162 


future  research  endeavors  will  validate  the  findings  in  this 


thesis . 

Finally,  the  results  of  this  research  do  address  an 
underlying  question  of  this  research;  "Are  maintenance  man¬ 
hours  a  valid  basis  for  allocating  base  maintenance 
supplies?"  Empirically,  the  results  show  that  maintenance 
man-hours  are  least  related  to  the  unallocated  BMS  cost. 
Chapter  Summary 

The  original  data  base  for  this  research  included 
observations  for  fiscal  years  1984-86  for  eight  ATC  bases. 
This  data  set  was  refined  to  exclude  Sheppard,  Williams,  and 
Randolph  AFB  due  to  a  priori  and  expert  judgment  about  the 
expected  relationships  of  four  variables,  inconsistencies  in 
the  data  set  most  probably  due  to  data  errors,  and  because 
of  a  lack  of  homogeneity  of  maintenance  functions  (Sheppard 
was  contractor  operated). 

The  conclusions  and  recommendations  chapter  which 
follows  highlights  the  significant  findings  of  this  research 
and  suggests  areas  for  further  study. 


Chapter  I  described  the  research  problem  in  detail; 
there  is  a  need  to  improve  the  visibility  of  costs 
associated  with  weapon  systems.  More  specifically,  a  study 
of  the  formulas  used  to  distribute  aircraft  maintenance 
supply  costs  to  specific  aircraft  was  needed  to  determine 
whether  or  not  base  maintenance  man-hours  is  a  valid  cost 
allocation  base.  An  implied  question  of  this  research  is 
whether  an  hour  of  work  done  on  one  type  of  aircraft  causes 
the  same  demand  level  for  supply  consumption  as  for  an  hour 
of  work  done  on  another  type  of  aircraft  at  the  same  base. 

In  order  to  address  the  specific  problem,  three  things 
had  to  occur.  First,  the  researcher  had  to  assess  potential 
cost  drivers  needed  for  investigations  in  this  thesis.  This 
was  done  by  reviewing  ;.iterature  on  cost  allocations  ana 
also  by  consulting  with  experts  in  the  Air  Force  financia* 
community.  Then,  data  needed  to  be  located  and  obtained  in 
order  to  conduct  the  research.  The  researcher  used  a  prion 
judgment  and  expert  ipinion  to  select  potential  cost  arivers 
and  identify  the  data  set  to  be  analyzed.  Finally, 
regression  analysis  was  performed  on  the  data  set  composed 
of  data  on  Air  Training  Command’s  T-43,  T-37,  and  T-3b 
aircraft  in  order  to  isolate  a  regression  equation  which 
establishes  the  strongest  relationship  between  the  cost 
drivers  and  unallocated  base  maintenance  supplies. 


Subsequently,  the  regression  model  was  used  to  help 
validate  or  determine  the  need  to  modify  the  existing 
allocation  algorithms.  Three  models  were  analyzed  using  a 
variety  of  statistical  tests  on  the  regression  coefficients 
and  intercept  values.  Model  linearity  was  assessed,  aptness 
of  the  model  was  evaluated,  and  collinearity  testing  was 
accomplished.  The  complete  analysis  of  the  regressed  data 
lead  to  the  conclusions  and  recommendations  reported  in  this 
chapter . 

Conclusions 

Once  the  three  models  were  analyzed  completely,  the 
researcher  selected  Model  A  as  the  best  and  most  reasonable 
model  for  explaining  unallocated  base  maintenance  supplies 
cost  as  a  function  of  the  original  potential  cost  drivers. 

Here  is  the  complete  formula  for  Model  A: 

y  ,  =  49868 , 31  +  678 . 91  X  (  14  ) 

ubms  paa 

where 

Y  .  =  unallocated  BMS  cost  by  base 

ubms 

X  -  primary  aircraft  authorized  by  base 

paa 

Since  Model  A  had  an  insignificant  t  statistic  for  its 
intercept  (indicating  a  strong  probability  of  being  0),  the 
researcher  assumed  that  the  intercept  was  indeed  0 ,  and 
reduced  Model  A  to  Model  D: 


Y 


ubms 


678.91  X 

paa 


(  15) 
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Model  D  is  intuitively  more  appealing  and  simplifies 
the  process  of  applying  its  value  to  the  allocation 
algorithm.  A  multivariate  model  is  much  more  difficult  to 
interpret  and  express  in  an  allocation  ratio  because  the 
application  to  an  algebraic  formula  is  not  direct  and  no 
clear  meaning  can  be  given  to  the  process . 

Since  Model  D  reflects  data  from  only  one  MAJCOM  and 
presents  a  small,  representative  sample  of  a  very  large  and 
complex  base  aircraft  maintenance  supplies  program,  ir  is 
admittedly  limited  in  scope.  Also,  the  statisticai  tesring 
indicates  that  a  positive  correlation  exists  between  all  the 
variables  and  unallocated  BMS  cost.  However,  it  is  never  a 
very  strong  relationship  and  the  regression  models  that 
were  derived  from  the  data  set  were  all  flavored  with 
weak  associations  --  including  Model  D.  In  addition,  the 
multiple  variable  models  were  handicapped  by  the  existence 
of  severe  multicoliinearity  between  the  existing  variables. 
Albeit,  Model  D  has  the  strongest  statistics  of  the 
regression  models  evaluated.  Considering  that  tne  purp'-se 
in  doing  the  regression  was  control,  rather  than  predict,  ii'n . 
this  conclusion  appears  logical  despite  limitations  and  is 
meaningful  in  terms  of  considering  an  allocation  base. 

Another  important  conclusion  is  that  of  the  five 
variables  regressed  and  analyzed  (individually  and  in 
combinations),  maintenance  man-hours  consistently  was  the 
least  statistically  significant  in  terms  of  explaining 
unallocated  BMS  cost.  Thus,  empirical  evidence  is  provided 
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by  this  research  to  negate  the  use  of  maintenance  man-hours 
as  an  allocation  base.  Additionally,  the  GAO  findings 
referenced  in  the  literature  reviewed  would  support  this 
conclusion  ( 28 ) . 

Since  the  variables  modeled  did  not  produce  highly 
significant  results  when  regressed,  two  other  conclusions 
are  possible.  First,  there  are  potentially  other 
variables  that  are  significant  cost  drivers  and  could  be 
evaluated.  Perhaps,  the  number  of  aircraft  engines  or  the 
weight  of  the  aircraft  are  cost  drivers  and  should  be 
researched.  Second,  there  is  a  strong  possibility  that  the 
data  set  is  erroneous.  Recall  that  some  of  tne  VAMOSC  data 
was  eliminated  because  of  suspected  errors  in  reporting  or 
recording. 

Next,  the  application  of  Model  D’s  results  to  the  BMS 
allocation  algorithm  is  summarized. 

Applying  the  Conolus ions 

AFR  40U-31  prescribes  tne  allocation  a^-gorithm 
currently  used  to  distribute  the  unallocated  BMS  costs. 
Based  on  the  conclusion  to  use  Model  D,  the  aiiccation 
algorithm  would  become: 

Total  PAA,  this  MDS.  this  base 

AR  =  -  lit 

Total  PAA,  all  MDS,  this  base 


where  all  other  terms  are  as  before. 


■  *il  *dl**Bl'‘^l  *-•**-»«•*-■»* 


Finally,  specific  recommendations  suggested  by  the 
conclusions  and  applications  thereof  are  considered. 


The  author  suggests  four  areas  for  further  study  based 
on  the  results  of  this  research  effort.  First,  direct 
follow-on  research  is  needed  to  apply  the  methodology  to 
other  MAJCOMs.  This  way  statistical  results  and  conclusions 
can  be  compared  for  similarities  and  differences.  oucn  ;-i 
follow-on  analysis  may  strengthen  the  credibility  of  tnis 
effort . 

Second,  the  variables  selected  for  this  research 
were  suggested  by  the  literature  in  part,  but  were 


selected  based  on  a 


li  judgment  and  expert  opinion. 


Other  variables  for  which  data  are  tracked  should  be 
reviewed . 

A  third  area  where  further  study  is  suggested  is  a 
duplicate  of  this  research  in  order  to  transform  tne 
original  variables  into  potential  cost  drivers.  Also, 
regression  runs  using  interaction  terms  and  indicator 
variables  may  provide  statistically  significant  results  tr.at 
have  greater  utility  than  Model  D. 

Finally,  a  controlled  experiment  should  be  performed 
simultaneously  throughout  the  Air  Force  to  track  issues  of 
BMS  supplies  to  maintenance  activities  and  to  specific  MDS 
if  possible.  A  three  month  effort  is  envisioned  for  these 
MAJCOMs;  SAC,  TAC,  MAC.  PACAF,  and  ATC .  Additionally,  each 
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I  command  would  designate  from  one  to  three  bases  for  study. 

I 

I 

j  The  USAF  Cost  Center  is  suggested  as  the  OPR  for  such  a 

study.  An  informative  data  analysis  could  be  accomplished 
using  linear  programming,  goal  programming,  and  regression 
analysis. 
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e.  Remarks: 

In  FY  34  and  for  Tuiure  years  WSSC  will  use 
the  Ammunition  Reporting  Management  System 
I0078A)  to  determine  actual  cost  of  training 
munitions  by  command,  VtOS,  and  base.  No  allo¬ 
cation  will  be  necessary. 

5-7.  Below  Depot  .Maintenance  Costs.  This  para¬ 
graph  describes  the  processing  Tor  the  cost  and 
non-cost  (numbers  of  personnel)  elements  of  the 
Below  Depot  .Maintenance  portion  of  the  AF  His¬ 
tory  data  base. 

a.  Process  Description: 

(1)  The  below  depot  maintenance  costs  are 
e.xtracted  from  the  ABDS  and  categorized  and 
summarized  as  described  in  3-7b(  1 )  below. 

(2)  The  average  number  of  assigned  person¬ 
nel  is  determined  from  four  quarterly  extracts  of 
the  .MPC  data  base(E300Z). 

(3)  Both  the  costs  and  the  strengths  are  allo¬ 
cated  to  .MDS  using  maintenance  man-hours  from 
D056A. 

b.  Input  Data  Elements: 

(1)  The  dollar  costs  from  the  ABOS  are  se¬ 
lected  and  categorized  using  the  parameters  be¬ 
low. 

(a)  OAC— The  Operating  Agency  Code  is 
used  in  WSSC  to  identify  command.  For  this 
process  only  records  from  the  relevant  commands 
are  selected; 

64-ATC  74_PaF 

65  — MAC  *8— TAC 

67— SAC  30— AFE 

71— AAC 

(b)  OBAN— The  Operating  Budget  Ac¬ 
count  Number  is  used  in  WSSC  to  identify  base 
within  command.  .An  OBAN  to  GELOC  coni^er- 
sion  table  relates  the  OBAN  codes  of  the  ABOS  to 
the  GELOC  (base)  codes  used  in  the  MPC  and 
D056A. 

(c)  RC/'CC— The  Responsibility  Cen¬ 
ter,' Cost  Center  codes  of  the  .ABDS  are  used  in 
this  process  to  identify  the  maintenance  e.xpense 
records  to  be  selected.  The  selection  codes  and 
their  categorization  are  listed  below; 

RC/CC  Function 

X.X20X.X  Consolidated  Aircraft 

.Maintenance  Squadrons 
(CA.MS) 

Commander  and  Staff 

.XX21.X.X  Chief  of  .Maintenance 

.XX22X,X  Organizational  Mainte¬ 

nance 

XX23XX  Field  .Maintenance 

.\X24XX  Avionia  Maintenance 


RC/CC  FUNCTION 

.XX25XX  .Munitions  .Maintenance 

.X.X2E.X.X  Equipment  .Maintenance 

.XX2CXX  .Aircraft  Generation 

.XX2RX.X  Component  Repair 

(d)  EEIC.  The  Element  of  E.xpense,-  Invest¬ 
ment  Code  of  the  selected  ABOS  records  is  used  to 
identify  the  nature  of  the  e.xpenses; 

EEIC  Description 

5 1 XXX-59XXX  Contract  Costs 

60X,XX-63.XXX  .Material  e.xpense 

Remaining  EEICs  Other  costs 

(2)  Personnel  strengths  assigned  to  below  de¬ 
pot  maintenance  functions  are  selected  from  the 
E3(X)Z  extract  and  categorized  as  follows: 

(ai  Command — Only  relevant  command 
strengtns  are  selected.  Thev  are  identified  by  the 
standard  three  position  command  codes  (ADE 
.MA-360):  SAC.  TaC.  .MAC.  ATC.  .AAC.  AFE, 
and  PaF. 

(b)  GELOC — The  base  of  assignment  is 
identified  in  the  MPC  records  by  GELOC  code 
(ADEGE-6in. 


(c)  FAC— The  following  Functional  Ac¬ 
count  Codes  are  used  to  identify  all  other  below 
depot  maintenance  strengths: 


FAC 

Function 

21 XX* 

Chief  of  Maintenance 

:2xx 

Organizational  .Mainte¬ 

nance 

:3xx 

Field  .Maintenance 

:4xx 

.Avionics  .Maintenance 

25, XX 

.Munitions  .Maintenance 

;exx 

Equipment  .Vtamienance 

;gxx 

■Aircraft  Operation 

;r.xx 

Component  Repair 

•  Records  wtth  FACs  of  ZUX  (IC3M  .Mamjentnee  TrammfJ 
and  Z  i  4X  (ICBM  Technical  Enyinetrinc;  are  excluded. 

(3)  .-Aircraft 

maintenance  man-hours  are  ex- 

traded  from  the  D056A  according  to  the  criteria 

below.  This  is  a 

two  step  process,  the  first  of 

which  is  accomplished  by  the  D056A  which  builds 
a  tailored  output  for  WSSC; 

(a)  Command — Only  man-hours  expended 
by  relevant  commands  are  selected. 

(b)  GELOC — The  base  at  which  the  main¬ 
tenance  is  performed  is  identified  on  the  D056A 
records  by  GELOC  code. 

(c)  SRD— The  Siandaru  Reporting  Desig¬ 
nator  is  used  by  D05AA  to  distinguish  between  air¬ 
craft  maintenance  man-hour  records  and  those  of 
man-hours  expended  on  other  types  of  equipment. 
Records  with  an  SRD  first  position  of  “A”  (Air¬ 
craft)  or  "X”  (Engines)  are  selected.  The  D056A 
also  translates  the  SRD  code  to  aircraft  MDS  via  a 
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trarulacion  table  iTO  OO-ZO-Z.  attachment  Z). 

(d)  Work  Center  Code  (WCC)— The 
D055A  abbreviates,  to  four  positions,  the  five 
position  code  documented  In  the  base  level  MOC 
system  (TO  OO-ZO-Z.  attachment  1).  The  first 
position  IS  also  changed  to  a  constant  “Z’*.  Rec¬ 
ords  with  the  following  OOJ6A  codes  are  selected: 


WCC 

Function 

zzxx 

Organizational  Mainte¬ 

nance 

:3xx 

Field  Maintenance 

Z4XX 

Avionics  .Maintenance 

Z3XX 

Munitions  .Maintenance 

2EXX 

Equipment  .Maintenance 

ZGXX 

Aircraft  Generation 

ZR.XX 

Component  Repair 

c.  Algorithm: 

( I )  For  each  of  the  below  depot  maintenance 
functions,  annual  expenses  are  summarized  by 
Command.  Base,  and  category  (material  expense, 
contract,  or  other)  using  :he  parameters  described 
in  5-Zb(l)  above. 

(Z)  Assigned  personnel  strengths  are  aver¬ 
aged  from  the  four  E300Z  extract  files.  For  each 
of  the  below  depot  maintenance  functions,  aver¬ 
age  assigned  strengths  are  summarized  by  com¬ 
mand,  base,  and  category  using  the  parameters  de¬ 
scribed  in  b(Z)  above. 

(3)  For  each  below  depot  maintenance  func¬ 
tion  except  chief  of  maintenance,  aircraft  mainte¬ 
nance  man-hours  are  summarized  by  command, 
base  and  MDS  using  the  parameters  described  in 
b(3)  above. 

(4)  Within  each  command,  base.' below  depot 
maintenance  function  (except  chief  of  mainte¬ 
nance)  represented  in  D056A.  and  for  each  MDS, 
a  special  allocation  ratio  (AR)  is  developed: 


AR 


Vlartonoun.  :h>s  MOS 
Toiai  .Maif-noun.  ill  .MDS 


(5)  For  the  chief  of  maintenance  function, 
within  each  command/base  and  .''or  each  .MDS. 
the  following  allocation  ratio  is  built: 


_  Tot.ii  Man-noun,  ill  tunciioni.  -its  nIOS 
A  R  ■  ■  ■  —  .« 

Total  .^tM'nouri.  all  functions,  atl  MOS 

(6)  The  expenses  and  strengths  of  (1)  and  (Z) 
above,  for  each  command,  base.' maintenance 
function,  are  allocated  to  .VIDS  using  the  corre¬ 
sponding  allocation  ratios. 

NOTE:  C.A.viS'  commander  and  staff  costs  are 
treated  as  Chief  of  Maintenance  costs. 

d.  Assumptions  and  Consininis.  It  is  assumed 
that: 

(I)  .Averaging  the  strength  counts  from  four 


•MFC  extracts  will  provide  a  reasonable  estimate 
of  the  average  number  of  personnel  assigned 
through  the  year. 

(Z)  The  GELOC  code  of  the  D056A  records 
will  alwavs  match  the  GELOC  of  the  MFC  rec¬ 
ords  and  the  GELOC  as.sociaied  with  the 
OAC/OBAN  codes  of  (he  .-\BDS  records. 

(3)  The  distribution  of  maintenance  costs 
and  strengths  Is  proportionate  to  the  distribution 
of  maintenance  man-hours. 

5-8.  Insiallallon  Support.  TIti.x  paragraph  de¬ 
scribes  the  processing  acconiplished  by  the  system 
to  develop  the  various  .'o.si  dements  of  the  base 
level  functions  of  real  property  maintenance,  base 
communications,  and  base  operations. 

a.  Process  Description.  Base  level  Installation 
support  costs  are  extracted  from  the  ,ABDS.  A 
share  of  the  total  of  these  costs  is  apportioned  to 
aircraft  support  using  personnel  strength  ratios. 
This  share  is  further  allocated  to  MDS  based  on 
flying  hours  and  possessed  hours. 

b.  Input  Data  Elements: 

(1)  Installation  support  costs  are  obtained 
from  the  ABDS  and  identified  by  the  following 
data  elements: 

(a)  OAC/OSA,V.-  Each  OAC  and  OBAN 
combination  identifies  the  command  and  geo¬ 
graphic  location  (C.-nd/CCLOC)  of  the  record 
(via  a  translation  table).  In  addition  to  the  relevant 
commands,  this  process  selects  records  from 
AFLC.  AFSC.  and  AFCC; 


OAC 

Cmd 

Code 

63 

AFLC 

LOG 

47 

AFSC 

SYS 

49 

AFCC 

CSV 

(b)  PEC:  All  costs  records  will  contain  one 
of  the  following  PEC  codes: 

.\,X.X94 — Real  property  maintenance  costs 
.X,X.X95  —  Base  communications  costs  funded 
by  (he  host  command  at  a  base 

.X.X.X96 — Base  operations  costs 
331 IZ*  — Base  communications  costs  funded 
by  aFCC. 

351 14* — Air  traffic  control  costs 
•  The?®  fecofdi  rnun  also  RC  CC  codes  of  XX26XX  or 
XX35XX 

(c)  EEIC:  Each  record  will  have  an  EEIC 
code  which  jenerally  identifies  what  the  monies 
were  spent  for  (such  as  pay.  material,  contract,  or 
misc): 

EEIC  Description 

51.X.XX-59X.X.X  Contract 

60X,XX-63X.X.X  .Material 

Remaining  EEICs  Other  costs 
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4.4.4  PLPCO  -  Allocate  Maintenance  Costs  based  on  Labor  Hours  Ratios, 
a.  Develop  Labor  Hour  Ratios. 

(1)  Utilizing  3ase  Manhours  (CMD,  CEO,  WCC,  MDS)  Atch  C-4  1  in  seq.  of 
CMD,  GELOC,  WCC  Jc  MDS  and  Gase  Manhours  (CMD,  CEO,  WCC,  blk  MDS)  Atch  C-32 
in  seq.  of  CMD,  GELOC,  &  WCC  produce  WCC  Labor  Hours  Ratio  File  (C-43), 
developing  ratio  as  follows; 


Hrs  this  MDS.  bv  CMD/GELOC/WCC 


5  WC  Labor  Hour  Ratio 


Hrs  all  MDS,  by  CMD/GELOC/ WCC 
Also  using  Sase  Manhours  (C.MD,  GELOC,(bll<  WCC),  MDS)  Atch  C-33  in 

seq.  of  CMD,  GELOC  <5c  MDS  and  3ase  Manhours  (CMD,  GELOC,  (blk  -WCC  &  blk- 

MDS))  At<±i  C-72  in  seq.  of  CMD  and  GELOC  develop  a  factor  for  the  Chief  of 

Maintenance  activity  and  produce  Chief  of  Maintenance  Ratio  records  (write  to  C-43 

above)  developing  ratio  as  follows: 


Hrs  this  MDS.  bv  CMD/GELOC  .  r  k  u  o  • 

Hrs  all  MDS,  by  CMD/GELOC  “ 

For  data  element,  work  center  code  on  this  file  insert  a  "I”  in  all  records 
for  Chief  of  Maintenance  Cost  Category  association. 

(2)  Using  a  COBOL  Sort,  sort  C-43  and  create  Sorted  WCC  Labor  Hours 
Ratio  File  (same  format  as  C-43)  in  seq.  of  CMD,  GELOC,  MDS  and  WCC. 

b.  Build  a  Work  File  combining  Costs  and  Strengths  by  Command  and  GELOC. 

Read  Sorted  ASO  Maintenance  Costs  record  (C-13),  one  record  per  Command 
and  GELOC,  and  move  data  elements  to  corresponding  data  elements  in  the  Interim  C- 
44  Work  File  (C-93).  Read  Maintenance  Personnel  Strengths  record  (C-32  format)  and 
matching  each  personnel  record  to  this  work  record  being  built  on  Command  and 
GELOC  move  the  No  Off/Amn/Civ  and  Pay  Off/Amn  to  03  levels  of  related  cost 
category  per  IfAC  as  shown  in  the  matrix  below.  (There  will  be  multiple  Personnel 
records  per  Command  and  GELOC,  one  for  each  WCC  within  FAC  that  has  any 
personnel  assigned.) 
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Manhours' 

Data  Element  Name 

Personnels' 

WCC 

on  C-44  Sc  C-95  Files 

FAC 

1 

Chief  of  Maint  Costs 

21X 

2 

Organizational  Maint  Costs 

22X 

3 

Field  Main  Costs 

23X 

4 

Avionics  Maint  Costs 

24X 

3 

Munitions  Maint  Costs 

25  X 

R 

Component  Repair  Costs 

2RX 

E 

Equipment  Maint  Costs 

2EX 

C 

Aircraft  Generation  Sq.  Costs 

2GX 

Produce  Interim  C-44  'Vork  File  (C-95).  Close  as  Output. 

c.  Allocate  Maintenance  Costs  and  Personnel  to  an  .MDS. 

Read  Sorted  WCC  Labor  Hours  Ratio  record  (in  format  of  C-43). 

Read  Interim  C-44  work  record  (C-95),  matching  to  Ratio  records  on 
Command  and  CELOC,  apply  WCC  Labor  Hours  Ratio  to  the  corresponding  cost 
elements  for  each  MDS  within  Command  and  CELOC.  Reference  the  chart  in 
paragraph  b.  (above)  for  WCC  designations.  Produce  an  output  MDS,  C.MD,  CELOC 
Maintenance  Costs  record  (Arch  C-44).  File  ID  PLMQOAO. 

d.  Move  the  ratioed  No  Off/Amn  to  a  new  work  area  (in  format  of  C-37)  as  data 
elements  012  and  013,  Medical  Data  Off/Amn.  Total  tlie  ratioed  No  Off,  No  Amn  and 
No  Civ  together  for  data  element  014,  Total  PersT  Strength.  Also,  using  same  WCC 
Labor  Hours  Ratios,  allocate  the  PCS  Cost  Off/Amn  (from  C-32  record)  to  the  new 
work  area  as  data  elements  010  and  011.  Product  output  PCS/MED  Data  for  "MNT"  (C- 
37),  by  MDS,  CMD,  CELOC;  PLMQOCO. 

e.  For  conditions  to  display  on  WS5C  Analysis  Message  File  see  the  maintenance 
manual  for  this  program. 
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4.4. 4.1  Inputs. 

a.  Base  .Vtanhcurs  by  CMO,  GELCC,  WCC,  MDS. 

(1)  FUelD:  PIMINAK 

(2)  Record  Layout:  See  Attachment  C,  Record  Number  4 1 

(3)  Input  Media:  DUMTAPE 

(4)  Number  of  Records:  4,100/Annual 

(3)  Priority;  Routine 

(6)  Retention  Period:  None 

(7)  Security:  Unclassified 

b.  Base  Manhours  by  CMD,  GELOC,  WCC  (MDS  blank) 

(1)  File  ID;  PIMINAL 

(2)  Record  Layout:  See  Attachment  C,  Record  Number  52 

(3)  Input  Media;  DUMTAPE 

(4)  Number  of  Records:  700/Annual 

(5)  Priority:  Routine 

(7)  Security;  Unclassified 

c.  Base  Manhours  by  CMD,  GELOC,  MDS  (WCC  blank) 

(1)  File  ID;  PI.MINAM 

(2)  Record  Layout;  See  Attachment  C,  Record  Number  53 

(3)  Input  Media:  DUMTAPE 

(4)  Number  of  Records:  2,500/Annual 

(5)  Priority;  Routine 

(6)  Retention  Period:  None 

(7)  Security;  Unclassified 
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d.  Base  Marhoura  by  CMD,  GELOC  (WCC  and  MDS  blank) 

(1)  File  ID;  Pl.MlNAN 

(2)  Record  Layout:  See  Attachment  C,  Record  Number  72 

(3)  Input  Media;  DUMTAPE 

(4)  Number  of  Records:  3C0/Annual 

(5)  Priority;  Routine 

(6)  Retention  Period;  None 

(7)  Security;  Unclassified 

e.  Sorted  ASO  Maintenance  Costs 

(1)  File  ID:  PLMQABS 

(2'>  Record  Layout:  See  Attachment  C,  Record  Number  IS 

0)  Input  Media;  Disk 

(4)  Number  of  Records;  200/ApnuaI 

(3)  Priority;  Routine 

(o)  Retention  Period:  None 

(7)  Security;  Unclassified. 

f.  Maintenance  Personnel  Strengdns 
(0  File  ID;  PLMQCAS 

(2)  Record  Layout:  See  Attachment  C,  Record  Number  32 

(3)  Input  Media;  Disk 

(4)  Number  of  Records;  7,300/Annu3l 

(5)  Priority;  Routine 

(6)  Retention  Period;  None 

(7)  Security;  Unclassified. 
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tt.iiA.2  Cutouts. 

a.  MDS,  CMD,  CELCC  Maintenance  Costs 

(1)  File  ID:  PLMQOAO 

(2)  Record  Layout;  See  Attachment  C,  Record  Number 

(3)  Output  Media:  Disk 

(4)  Volume  and  Frequency:  2,100/Annual 
(3)  Priority:  Routine 

(6)  Security;  Unclassified 

b.  PCS/MED  Data  For  MNT  Personnel 

(1)  File  ID:  PLMQOCO 

(2)  Record  Layout:  See  Attachment  C,  Record  Number  37 

(3)  Output  Media:  Disk 

(4)  Volume  and  Frequency:  2,100/Annual 
(3)  Priority:  Routine 

(6)  Security;  Unclassified 

c.  'VSSC  Analysis  Message  File 

(1)  File  ID:  PLIANAL 

(2)  Record  Layout:  Unique  to  each  program 

(3)  Output  Media;  Printer 

(4)  Volume  and  Frequency:  Variable/Annual 
(3)  Priority;  Routine 

(6)  Security:  Unclassified 
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(3)  Output  Media:  Disk. 

(4)  Number  of  Records:  20,000. 

(3)  Retention:  none 

4.4.J6  Program  P1P1ND160  -  Produce  Summary  Files  for  'Veapon  Svstem  Support  Cost 
(WSSC\  for  Monthly  Base  Maintenance  Man-hours  Summary.  (Refer  to  Attachment  D- 
16). 

The  Selected  0036 A  Man-hours,  Attachment  C-3C,  has  been  sorted  and  ^viil  be 
used  as  the  input  to  the  program  on  file  PIIIMA3.  This  file  is  in  sequence  by  Command 
(CMD),  Geographic  Location  fCcLOG),  Work  Center  Code  (WCC)  and  Model  Design 
Series  (MDS)  and  will  be  used  to  create  (our  different  levels  of  summaryis  output 
records.  Each  level  of  summary  will  be  written  to  a  different  file.  Ea  .h  type  summary 
record  will  contain  the  summarized  hours  and  count  fields  and  will  be  in  the  format  of 
Attachments  C-36,  C-37,  C-38  and  C-39.  Depending  upon  the  level  of  summarization, 
some  of  the  control  data  will  be  excluded  (fields  will  be  blank).  File  PIMINAK  will  be 
summarized  on  CMD,  GELOC,  WCC  and  MDS.  File  PIMINAL  will  be  summarized  on 
CMD,  GELOC  and  WCC  with  the  MDS  field  blank.  File  PIMINAM  will  be  sumrnarized 
on  CMD,  GELOC  and  MDS  with  the  WCC  fieid  blank.  File  PIMINAM  will  be 
summarized  on  C.MD  and  GELOC  with  the  WCC  and  MDS  fields  blank. 

This  program  references  Function  S,  parpgraph  Z.Z.h. 

4.4.16.1  Inputs 

Selected  D036A  Man-hours  (sorted) 

(1)  File  ID:  PlIIMAJ  (sorted  PIIIL.AG). 

(2)  Record  Layout:  Attachment  C-30 

(3)  Input  Media:  Disk. 

(4)  Number  of  Records;  20,000. 

(3)  Retention:  none 
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Base  Man-hour  (Summarized  to  CMD,  GELOC,  WCC  and  MDS). 

(1)  File  ID:  PIMINAK. 

(2)  Record  Layout:  Attachment  C-36. 

(3)  Output  Media:  Disk  to  DUMTAPE. 

(U)  Number  of  Records:  50,OCO. 

(3)  Retention:  Three  years. 

Base  Man-hours  (Summarized  to  CMD,  GELOC  and  WCC). 

(1)  File  ID:  PIMINAL. 

(2)  Record  Lavout:  Attachment  C-37. 

(3)  Output  Media:  Disk  to  DL'MTAPE. 

(4)  Number  of  Records:  10,000. 

(5)  Retention:  Three  years. 

Base  Man-hours  (Summarized  to  CMD,  GELOC  and  MDS). 

(1)  File  ID;  PIMINAM. 

(2)  Record  layout;  Attachment  C-38. 

(3)  Output  Media:  Disk  to  DUMTAPE. 

(4)  Number  of  Records:  3,000. 

(3)  Retention:  Three  years. 

Base  Man-hours  Summarized  to  CMD  and  GELOC). 

(1)  File  ID:  PIMINAN. 

(2)  Record  Layout:  Attachment  C-39. 

(3)  Output  Media;  Disk  to  DUMTAPE. 

(4)  Number  of  Records:  2,300. 

(3)  Retention:  Three  years. 
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Program  PIP1RD160  -  Validate  and  Analyze  Base  Manhours  Summary  and  Basg 
On  and  Off  Eguipmeni  fD056A.  D036C).  (Refer  to  Attachment  D-1  7). 

For  this  section  there  are  three  attachments  that  should  help  clarify  the 
following  narrative.  Attachment  G  gives  a  very  brief  description  for  the  meaning  of 
selected  codes  found  in  the  .nput  records.  Attachment  H  depicts  into  which  counters 
the  '-abor  Manhour  field  of  the  input  will  be  added,  depending  on  the  combinations  ->i 
the  codes.  Attachment  I  depicts  which  counts  to  increment  by  one  when  a  given 
combination  of  codes  exist.  Both  Attachments  H  and  1,  have  a  chart  for  both  on  and  off 
data. 

This  program  will  process  monthly.  The  program  will  edit  and  select  data  frorn 
the  three  interface  files:  Base  Manhours  Summary  Interface  File  (D056A)  Attachment 
C-53,  which  has  had  its  manhours  summarized  for  records  with  like  control  information, 
Attachment  C-7S,  On  Equipment  Interface  File  (D056A),  Attachment  C-141/142  and 
C-S^i,  and  Off  Equipment  Interface  File  (D056C),  Attachment  C-143/144.  In  addition  to 
the  above  .nterfacs  files,  two  record  types  the  AV A*GELOC/Base  Name,  Attachment 
C-1I3,  and  :he  BHA-Standard  Resorting  Designator,  Attachment  C-I15,  are  read  from 
the  CSCS  "able  File.  These  two  record  types  will  be  used  to  build  two  tables,  the 
GELOC/Base  Name  and  the  Standard  Reporting  Designator.  The  tables  will  be  used  to 
help  in  the  selection  of  the  .nterface  records,  make  determinations  as  to  what  is  to  be 
done  with  tne  .nterface  .'ecords,  and  furnish  data  to  build  some  data  fields  of  the  five 
outputs.  The  five  outputs  have  document  identifies,  titles  and  attachment  numbers  as 
follows:  CPA,  Base  Summary  Record,  .Attachment  C-S6;  CPB,  Base  .MDS  Summary, 
Attachment  C-37;  GPC,  Base  2nd  WUC  Summary  Record,  Attachment  C-SS;  CPD, 
Depot  Summary  Record,  Attachment  C-89;  CPE,  On/Off  WUC  for  MDS/Base  Summary 
Record,  .Attachment  C-90. 
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identifies  the  key  relationship  that  drives  cost  and 
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Data  for  this  study  come  from  a  stratified  sample  of  flying 
training  aircraft  in  Air  Training  Command.  Eight  bases  are 
used  reporting  data  for  pri.mary  aircraft  authorised  (PAA), 
sorties,  maintenance  man-hours,  flying  hours,  and  direct  BMS 
costs  for  FY  84-36. 

In  a.tswering  t.ne  research  questions,  relevant 
lioerature,  expert  opinosn.  anc  ^  o r i ;  i  Judgf.e.nt  were  used 
to  select  potential  cost  drovers.  Then  a  regression  model 
was  derived  and  stat o sto tally  tested  for  linearity,  strength 
of  association,  and  aptness. 

The  derived  model  indioated  the  best  relationship 
between  the  given  variables  and  unallocated  BMS  cost 
ocourred  when  ?.AA  is  usee.  E.mpirical  evidence  is  given  to 
refute  the  use  of  aai.ttena.nce  .man-hours  in  an  allocatio.n 
al  go  rith-m . 


I.n  the  conclusio.n,  a  sa.mpie  allocatio.n  calculation 
using  P.AA  and  maintenance  man-hours  is  provided  for 
comparison.  Also,  recommendations  are  made  for  future  study 
and  a  comprehensive  three  month  review  of  BMS  issues  is 
suggested . 
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